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Ultrasound Clinics is now entering its second year as 
a publication devoted to medical ultrasound. This 
quarterly journal is a welcome addition to the 
demand for more knowledge of ultrasound imag- 
ing involving every aspect of sonography. Upcom- 
ing issues will be dedicated to advances and new 
developments in ultrasound technology pertaining 
to obstetrics and gynecology, abdominal, vascular, 
emergency, genitourinary disease, and cardiac 
imaging. 

Today, due to ongoing advances in modern 
imaging systems, practicing radiologists have a wide 
array of diagnostic tools at their fingertips. Ultra- 
sound techniques have improved with new materi- 
als and faster computer processing. High-resolution 
real-time grayscale imaging, tissue harmonic eval- 
uation, and color and power Doppler analysis are 
now readily available. As a consequence of these 
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improvements, more ultrasound examinations are 
being performed, leading to the demand for more 
knowledge of medical ultrasound. Ultrasound Clin- 
ics aims to fill that demand by providing the most 
recent and relevant information. 

The topics in this issue have been chosen with 
particular attention to genitourinary ultrasound. 
We assembled a group of leading radiologists to 
provide new insight into key ultrasound techniques 
and concepts that will benefit readers who are new 
to the practice of ultrasound as well as practicing 
imaging specialists and clinicians. 

I am honored to be the Guest Editor of this issue 
of Ultrasound Clinics along with Shweta Bhatt, MD, 
and wish to express my sincere thanks for her 
assistance. We wish to thank Barton Dudlick and 
our outstanding contributors for their amazing 
work and their cooperation. 


doi:10.1016/j.cult.2007.05.001 
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Urolithiasis, the presence of renal calculi within 
the urinary tract, is the most common cause of ex- 
trarenal obstructive uropathy. Obstructive uropathy 
can be defined as an interruption of normal urine 
flow at some point along the urinary tract from 
the renal tubule to the urethra. Obstruction results 
in an increase in pressure within the urinary tract, 
causing structural and physiologic changes. Hydro- 
nephrosis refers to the structural change, describing 
a dilatation of the calyces and renal pelvis. Hydro- 
ureter, or ureteral dilatation, sometimes accom- 
panies hydronephrosis. The physiologic changes 
that result from obstruction of urine flow are re- 
ferred to as obstructive nephropathy. Without inter- 
vention, obstructive nephropathy eventually leads 
to an irreversible loss of renal function. 

The causes of obstructive uropathy are diverse. It 
is classified according to location, duration, and 
degree of obstruction. Obstructive uropathy may 
be congenital or acquired, which may be further 
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divided into upper and lower urinary tract and 
intra- or extrarenal causes. Obstruction may be uni- 
lateral or bilateral. The duration of obstruction may 
be described as acute (hours to days), subacute 
(days to weeks), and chronic (months to years). 
The obstruction may be partial or complete. 

Following a review of normal anatomy and 
sonographic technique, this article focuses on uro- 
lithiasis as a disease process, its findings on ultra- 
sound, and its effects on the kidney and the 
collecting system. The authors discuss the physio- 
logic changes that accompany hydronephrosis fol- 
lowing obstruction of the collecting system and the 
important causes to consider when presented with 
hydronephrosis. 


Sonographic technique and anatomy 


The kidneys are imaged with the patient placed 
in the supine and lateral decubitus positions. A 3- 
to 7-MHz transducer is selected, with higher 
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frequencies used in children and thinner patients. 
A breath-hold during maximum inspiration allows 
better visualization of the kidneys by displacing the 
kidneys inferiorly by approximately 2.5 cm. 

The right kidney is best visualized by placing the 
transducer in the right lateral subcostal margin in 
the anterior axillary line during deep inspiration. 
If bowel gas obscures the right kidney, the trans- 
ducer can be placed laterally in the mid or posterior 
axillary line. 

Because the left kidney is located in a more supe- 
rior position, it is often more difficult to visualize. 
The left kidney is also frequently obscured by the 
stomach and small bowel, whereas imaging of the 
right kidney is benefited by the liver, which acts as 
an acoustic window. To improve visualization of 
the left kidney, the patient is placed in the right 
lateral decubitus position and the transducer is 
positioned in the left posterior axillary line or left 
costovertebral angle. 

Routine images include long-axis and transverse 
views of the upper pole, mid-kidney and lower 
pole. The sonographer should record renal length 
in the long axis. A normal kidney length is approx- 
imately 11 to12 cm | 1]. Kidneys are generally within 
2 cm of each other in length. Normal width is 
approximately 4 to 5 cm. 

The renal cortex should be evaluated for echo- 
genicity, contour, and thickness. A normal right 
and left renal cortex demonstrates equal or less 
echogenicity than the liver and spleen, respectively 
(Fig. 1). Occasionally the left kidney displays 
a prominent masslike protrusion in the mid-kid- 
ney, known as a Dromedary hump, which is a result 
of the spleen impressing on the left kidney as it 
develops. The hump exhibits normal renal paren- 
chyma. The kidneys should also be assessed for 
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Fig. 1. Longitudinal gray-scale image of a normal kid- 
ney. Note that the echogenicity of the renal cortex 
(arrow) is less than the adjacent liver parenchyma, 
but more than the renal medulla, also referred to as 
the pyramids (arrowhead). The renal sinus is the 
hyperechoic region centrally. 


atrophy, scarring, calcifications, hydronephrosis, 
and masses. 

The renal medulla consists of small, rounded 
structures adjacent to the renal sinus. The medulla 
contains the pyramids, which are hypoechoic to 
the renal cortex (see Fig. 1). The renal sinus is 
more centrally located and appears echogenic 
secondary to fatty tissue and interwoven connective 
tissue (see Fig. 1). The renal sinus contains the 
major branches of the renal artery and vein, the 
collecting system, and lymphatics. Fatty tissue is 
interspersed throughout this potential space. 

When hydronephrosis is present, the affected col- 
lecting system should always be compared with the 
contralateral kidney. Knowledge of whether hydro- 
nephrosis is unilateral or bilateral helps narrow the 
differential and localize the level of obstruction if 
present. In cases in which the finding of hydro- 
nephrosis is uncertain, the kidney size can be com- 
pared with prior studies if available. Secondary 
findings, such as perinephric fluid, may also suggest 
an obstructive cause when hydronephrosis is iden- 
tified. The presence and extent of hydroureter 
should be followed distally as far as possible, in 
an attempt to determine a cause. In addition, post- 
void images and a change in patient position, such 
as a prone or decubitus position, are important to 
exclude the possibility of a false-positive finding. 
The collecting system may occasionally appear 
dilated if the bladder is full, or if the renal pelvis 
or ureter is compressed when the patient lies in 
a certain position. 

Color Doppler evaluation of the renal arteries 
may be challenging and requires an understanding 
of the normal vascular anatomy and waveforms. 
The color gain, pulse repetition frequency, and 
wall filter should be optimized within a normal seg- 
ment of the renal artery. A low wall filter and pulse 
repetition frequency should be used. Pulsed Dopp- 
ler examination should be performed with a sample 
angle of less than 60 degrees, because angles greater 
than 60 degrees may overestimate velocities. 

A complete renal vascular study includes obtain- 
ing samples from the ostium, proximal, mid, and 
distal portions of the main renal arteries, and at 
least three segmental branches of the mid-kidney, 
upper, and lower pole interlobar or arcuate arteries 
using a volume size of approximately 2 to 5 cm?. 
Resistive indices (RI) are then determined from 
these waveforms. 


Epidemiology and natural history 
of urolithiasis 


Urolithiasis occurs across all geographic, cultural, 
and ethnic groups [2]. The lifetime risk is less 
than 2% to 5% in Asia, 8% to 15% in the West, 


and as high as 20% in Saudi Arabia [3]. Incidence is 
less than 0.5% in the United States and Europe. Sta- 
matelou and colleagues |4] found the prevalence of 
kidney stone disease to be increasing from 3.2% in 
the mid-1970s to 5.2% in the mid-1990s in the 
United States, possibly secondary to dietary factors. 

In general, urolithiasis is more common in men 
than women [|2]. Kidney stone disease tends to re- 
cur, with relapse rates as high as 50% within 10 
years and 75% within 20 years [5]. Once chronic, 
the likelihood of recurrence increases and the inter- 
val between episodes shortens [6]. Risk factors of 
recurrent disease include younger age at onset, fam- 
ily history of stones, associated urinary tract infec- 
tion, and systemic disease that promotes stone 
formation, such as hyperparathyroidism [2]. 

Acute obstructive urolithiasis initially causes mild 
discomfort and progresses to extreme pain within 
30 to 60 minutes. If the stone obstructs the ureter- 
opelvic junction, pain localizes to the flank |7]. As 
the stone travels distally, the pain migrates inferi- 
orly and anteriorly, often radiating to the groin 
[7]. Stones traveling down the right ureter may pres- 
ent with symptoms similar to appendicitis. A stone 
lodged in the ureterovesicular junction results in 
dysuria and urinary frequency, sometimes mimick- 
ing urinary tract infections |8]. Associated symp- 
toms include fever, nausea, and vomiting. 

Stones less than 5 mm in diameter will most 
likely pass [8]. Stones 5 to 7 mm have an approxi- 
mately 50% chance of passing [8]. Stones greater 
than 7 mm will most likely require urologic inter- 
vention [8]. 


Pathophysiology of stone formation 


Stone formation depends on the solubility product 
of a solution. Solubility is defined as the number of 
grams of solute in one liter of a saturated solution 
(g/L). The solubility product describes the equilib- 
rium between an ion crystal and its ions in solution. 
Greater solubility products therefore allow for 
a higher capacity of a solution to dissolve particles 
before becoming saturated. 

Kidney stones are ionic crystals, composed of 
anions and cations. Because urine contains many 
different ions, it is considered a polyionic solution. 
Polyionic solutions create strong electrical forces of 
attraction and repulsion. These forces increase the 
solubility product of the solution, resulting in a su- 
persaturated solution. At some point, the supersa- 
turability of urine is exceeded, and crystallization, 
which may be referred to as primary nucleation, 
occurs [7,8]. A nidus within the solution provides 
a scaffold on which crystallization may proceed at 
a lower solubility. This process is known as second- 
ary nucleation |7]. Factors such as hydration status, 
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ion concentration, presence of a nidus, or stone in- 
hibitor, such as citrate or magnesium, greatly affect 
the rate of crystallization and stone formation [8]. 

Systemic conditions, such as hyperparathyroid- 
ism, increase the concentration of urine calcium, 
promoting stone formation. Cellular debris second- 
ary to infection or the presence of Randall plaques 
(lesions composed of various crystal and organic 
compounds, which arise in the loops of Henle 
within the renal papillae and eventually extend 
into the uroepithelium) function as a nidus and 
allow crystallization to occur at lower solubilities 
[9,10]. Randall plaques are found in all patients 
who have calcium oxalate stones | 10]. 


Sonographic detection of uroliths 


Recommendations for the imaging of obstructive 
uropathy have changed rapidly over the past 2 de- 
cades. Intravenous urography and ultrasound have 
been largely replaced by noncontrast CT in the 
mid 1990s | 11,12]. Several studies have compared 
ultrasound with noncontrast CT in detecting renal 
calculi. Sensitivities for ultrasound ranged from 
19% to 93%, with specificities greater than 90% 
[13-17]. Sensitivities and specificities for noncon- 
trast CT have consistently been reported to be 
greater than 90% |13-16]. Although noncontrast 
CT has evolved into the modality of choice, ultra- 
sound still plays a role in the initial work-up of 
renal failure and in patients who have obstructive 
uropathy when radiation should be minimized, 
such as in the pediatric population and pregnant 
women. 

Identifying renal calculi by ultrasound depends 
primarily on the size and location of the stone. 
The composition of renal calculi, hydration status, 
presence of hydronephrosis, renal and vascular dis- 
ease, and choice of transducer frequency and focus, 
are secondary factors that may affect the sensitivity 
of detection. The use of color Doppler may aid in 
the detection of small stones and obstruction. 


Composition of renal calculi 


The chemical constitution of uroliths is diverse and 
often mixed. Calcium-containing, or calcareous, 
stones are the most common type, accounting for 
60% to 80% of all uroliths, followed by uric acid 
stones, which account for 5% to 10% | 1,18]. Calcar- 
eous stones primarily include variations of calcium 
oxalate and calcium phosphate |2]. Most of these 
stones are calcium oxalate predominant |8]. These 
stones are typically uniform in density and are 
easily detected on plain films and noncontrast CT. 
Uric acid stones form in acidic urine and may be 
found in various disorders, such as hyperuricosuria 
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secondary to a lack of the enzyme uricase, gout, and 
Lesch-Nyhan syndrome |19]. Uric acid stones are 
not easily identified on plain films, but may be 
visualized on noncontrast CT, depending on the 
concentration of calcium [8]. 

Still less common compositions include magne- 
sium ammonium phosphate (struvite) and cystine 
stones. Struvite stones are rarely pure in composi- 
tion, and are more often triple phosphate (cal- 
cium-magnesium-ammonium phosphate), which 
allow these stones to be detected on plain films 
and CT because of the presence of calcium. They 
form in alkaline urine, often in association with 
urinary tract infections, such as Proteus mirabilis, 
Serratia, and Mycoplasma. Seventy percent of stag- 
horn calculi are struvite in composition [19]. 

Cystine calculi are an uncommon form of uro- 
lithiasis secondary to an autosomal recessive defect 
in tubular reabsorption of the amino acid cystine. 
The result is an excess in urinary cystine and the for- 
mation of cystine stones that are often ground glass 
in appearance |19]. These stones demonstrate less 
attenuation than calcareous stones, with an attenu- 
ation on noncontrast CT of 405 to 1180 Hounsfield 
Units (HU) in vitro and approximately 250 HU in 
vivo [20,21]. Uric acid stones exhibit the lowest 
attenuation (193-540 HU in vitro, 136-304 in 
vivo) [20,21]. Stone size and calcium content affect 
the attenuation in vivo, however, and the range of 
different stone compositions may overlap [21]. 

Radiolucent stones contain no calcium. Exam- 
ples include pure urates and matrix stones com- 
posed of mucoprotein and mucopolysaccharides. 
Hereditary xanthinuria or the use of allopurinol 
may result in radiolucent xanthine stones. Indinavir 
stones are also radiolucent, and are associated with 
protease inhibitor drugs used in HIV therapy [22]. 

Although the chemical composition greatly influ- 
ences whether stones are visualized on radiographic 
studies, it plays a less significant role in ultrasound. 


King and colleagues |23] found that chemical 
composition does not affect acoustic shadowing. 
The composition, however, does affect the reflective 
nature of the stone, which influences the presence 
of the color Doppler twinkling artifact. 


Color Doppler twinkling artifact 


When detection of renal calculi is limited by beam- 
attenuating tissue, such as renal sinus fat and bowel, 
or by size and lack of acoustic shadowing, color 
Doppler twinkling artifacts may improve sensitivity. 
The physical basis of twinkling artifact is complex. 
Twinkling artifacts arise when a sonographic 
beam interacts with a strongly reflecting crystalline 
or irregular surface {24]. On arriving at the inter- 
face, the beam undergoes a phase shift, resulting 
in an increase in pulse duration. When multiple in- 
cidental beams generate various Doppler shifts that 
are received by the transducer, the result is a rapidly 
changing mixture of red and blue colors [24]. The 
presence of the artifact therefore depends on the 
composition of the stone, with most irregular 
crystalline surfaces being capable of generating 
this artifact (Fig. 2) [25]. 

Lee and colleagues |26] found that 83% of 36 
stones in their study exhibited twinkling artifacts. 
They also found in a phantom study that twinkling 
artifacts might depend on the location of the focal 
zone. Focal zones placed distal to the stone increase 
the artifactual color signal produced by the stone 
[26]. 

Twinkling artifact, however, may not be as 
specific for renal calculi. Other bright reflectors in- 
clude calcified renal vessels, prominent papillae, 
milk of calcium cysts (Fig. 3) [27], renal cortical cal- 
cifications, calcified tumors (such as renal cell carci- 
noma), and calcified foreign bodies. Calcifications 
within normal sinus structures may also give rise 
to acoustic shadows. 


Fig. 2. Longitudinal gray-scale image (A) of the right kidney reveals a small echogenic focus, which does not 
exhibit acoustic shadowing, within a mildly dilated calyx. Twinkling artifact is shown within the echogenic focus 
on color Doppler image (B), confirming a non-obstructing stone. 
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Longitudinal gray-scale (A) and color Doppler (B) images of the right kidney demonstrate a milk of 


calcium cyst with twinkling artifact. 


Knowledge of the normal vascular anatomy and 
the appearance of renal vessels may avoid confu- 
sion. For instance, the division of segmental arteries 
into interlobular arteries appears as regularly 
spaced, tiny echogenic foci at the periphery of the 
renal sinus [28]. In addition, because of the vascu- 
larity of the kidney, normal vessels may also appear 
as tiny echogenic foci within the parenchyma. 

Calcifications of the papillae may appear promi- 
nent particularly when mild calyceal dilatation is 
present. These calcifications occur in the Ander- 
son-Carr progression of early medullary nephrocal- 
cinosis |29], papillary necrosis (Fig. 4), medullary 
sponge kidneys, and cytomegalovirus or Candida 
albicans infection | 

Cortical calcifications are less often confused with 
renal calculi because of their more peripheral 
location. These calcifications arise in various dis- 
eases, including acute tubular necrosis, chronic 
glomerulonephritis, Alport syndrome, oxalosis, 
chronic hypercalcemia secondary to neoplasm, 
and tuberculosis. 


RT KID LO 
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Longitudinal gray-scale image of the right 
kidney demonstrates echogenic foci in the region of 
the papilla (arrow) in the upper pole, secondary to 
papillary necrosis, which can mimic renal calculi. 


Size 


Ultrasound may detect with relative confidence 
stones greater than or equal to 5 mm . Size 
alone remains the most important factor in the 
detection of acoustic shadowing Smaller 
stones may not exhibit acoustic shadowing, making 
a definitive diagnosis more difficult. Fowler and 
colleagues demonstrated a sensitivity of 13% 
with stones of 3 mm or less. The average size of cal- 
culi depicted on CT but not on ultrasound was 3.3 
mm + 0.6 mm. Other studies have reported similar 
lengths of 5 to 7 mm as the minimum size that can 
be reliably detected on ultrasound 


Location 


There are three areas of ureteric narrowing: just dis- 
tal to the ureteral pelvic junction (Fig. 5) (UPJ), the 
lower third where the ureter crosses the iliac vessels, 
and the ureterovesical junction (UVJ) (Fig. 6). Of 
the three locations, the UVJ most commonly 
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Longitudinal gray-scale image of the left 
kidney demonstrates stone in the left UPJ (arrow) 
with acoustic shadowing, and mild hydronephrosis 
of the left kidney. 
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Fig. 6. Longitudinal gray-scale image of the right kidney (A) demonstrates moderate hydronephrosis and 
a dilated extrarenal pelvis. A hyperechoic focus (arrow) with posterior acoustic shadowing is detected on a trans- 
verse gray-scale image of the bladder (B), representing a stone within the right UVJ. 


obstructs or slows the passage of kidney stones, 
affecting approximately 75% to 80% of all stones 
(see Fig. 6) [32]. Distal ureteral calculi are also 
more symptomatic than proximal stones. 

A major disadvantage of ultrasound in detecting 
ureteral calculi, compared with CT, is its inability 
to follow the entire course of the ureter secondary 
to overlying bowel gas. Proximal stones are often 
more easily detectable on transabdominal ultra- 
sound than mid or distal ureteral stones (see 
Fig. 5). UVJ calculi should be easily visualized 
with a fully distended bladder [33]. Mid-ureter 
stones are the most difficult to visualize by ultra- 
sound |33]. A dilated ureter may sometimes assist 
in localizing calculi by allowing the sonographer 
to follow the path of the ureter distally. Transvagi- 
nal and transperineal ultrasound have also been 
found to improve the sensitivity for detecting distal 
ureteral calculi [34-36]. 


Technical factors 


Several technical factors have been investigated 
regarding their ability to detect small renal calculi, 
particularly within the renal sinus. King and col- 
leagues |23] have emphasized the importance of 
optimizing scanning parameters to produce an 
acoustic shadow. Reducing the distance between 
the transducer and the area of interest and placing 
the stone within the focal zone improves the image 
resolution and ability to detect an acoustic shadow. 
A transducer frequency should therefore have a focal 
zone 2 to 3 cm greater than the depth of the kidney 
cortex, preferably 5 MHz or greater, and the focal 
zone should be placed at the depth of the suspected 
stone or slightly deeper [37]. In addition, King and 
colleagues [23] found that increasing the power 


improves the contrast between the shadow and 
surrounding tissue. 

Aside from scanning parameters, Chau and Chan 
[30] concluded in a small study that a fluid challenge 
(ingestion of approximately 1800 mL of water) im- 
proves the detection of small calculi by distending 
the collecting system. This distention provides addi- 
tional contrast in areas that may be difficult to assess, 
such as the renal sinus. This technique prolongs the 
length of the examination, however. 


Hydronephrosis 


Hydronephrosis describes the dilatation of the 
renal pelvis and calyces but does not attribute the 
cause of dilatation. It is derived from Greek, with 
hydor meaning “water,” nephros meaning “kidney,” 
and the suffix -osis meaning “condition” [38]. 

Grading of hydronephrosis in adults is most 
commonly categorized into mild, moderate, and 
severe. Mild hydronephrosis corresponds to blunt- 
ing of the caliceal fornices and enlargement of the 
calices (Fig. 7A) [39]. The papillae, however, are 
still easily visualized. Moderate hydronephrosis re- 
fers to rounding of the calices with obliteration of 
the papillae (Fig. 7B) [39]. Severe hydronephrosis 
indicates ballooning of the calices without or with 
parenchymal thinning (Fig. 8) [39]. The grade of 
obstruction, however, does not correlate with the 
grade of hydronephrosis. A patient who has com- 
plete obstruction may only demonstrate mild 
hydronephrosis. 


Causes of hydronephrosis 


The causes of hydronephrosis are diverse. Hydro- 
nephrosis can be grouped into obstructive and 
nonobstructive causes (Box 1). 
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Fig. 7. Longitudinal gray-scale images of a patient who has bladder carcinoma demonstrating mild hydroneph- 
rosis in the right kidney (A) and moderate hydronephrosis in the left kidney (B). 


Congenital nonobstructive causes include pri- 
marily vesicoureteral reflux, which is an abnormal 
retrograde flow of urine from the bladder into the 
ureter and proximal collecting system. Acquired 
nonobstructive causes of hydronephrosis include 
acute pyelonephritis and increased urine flow 
states, such as in aggressive intravenous hydration, 
diuretic use, and less common conditions, such as 
diabetes insipidus. 

Obstructive causes of hydronephrosis may also 
be congenital or acquired. Examples of congenital 
causes of obstructive uropathy include posterior 
urethral valves (Fig. 9), UPJ obstruction (Fig. 10), 
ureteroceles (Fig. 11), and spina bifida. Posterior 
urethral valves occur in males and are best depicted 
by a voiding cystourethrogram. UPJ obstruction is 
the most common cause of hydronephrosis in in- 
fancy and early childhood, and affects males more 
often than females. Abnormal smooth muscle ar- 
chitecture is believed to cause an abnormal ureteral 
peristalsis, leading to functional obstruction. Ana- 
tomic obstruction at the UPJ from fibrous bands 
or vessels may exhibit findings similar to UPJ ob- 
struction. A duplicated collecting system may also 
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Fig. 8. Longitudinal gray-scale image of a patient 
who has severe hydronephrosis of the right kidney. 


cause obstruction of the upper pole moiety. The 
Weigert Meyer rule states that the upper moiety in- 
serts inferiorly and medially to the lower pole moi- 
ety, and is more likely to cause obstructive 
hydronephrosis [40]. When the upper pole moiety 
is dilated, it exerts a mass effect on the lower pole, 
displacing the lower pole moiety inferiorly and lat- 
erally, a finding known as the drooping lily sign 
[40]. 

Acquired causes of obstructive hydronephrosis 
may be further divided into intrinsic (obstruction 
from within the urinary tract) or extrinsic (obstruc- 
tion as a result of external compression) causes. 
Aside from intrarenal crystal precipitation from 
hyperuricosuria and drugs such as acyclovir, pre- 
cipitation of Bence Jones proteins secondary to 
multiple myeloma, and tumor lysis secondary to 
chemotherapy, most causes of intrinsic and extrin- 
sic obstruction are extrarenal. Urolithiasis is the 
most common cause of extrarenal obstruction. 

Important intrinsic causes include neoplasms, 
such as transitional cell (Fig. 12) carcinoma of the 
bladder, ureter or renal pelvis, renal cell carcinoma, 
and metastatic disease, primarily breast cancer or 
melanoma. Ureteral and urethral strictures second- 
ary to infection, trauma, or sequela of radiation ther- 
apy for cervical (Fig. 13) and pelvic tumors may be 
evident from the patient's history. Schistosomiasis 
haematobium is a significant problem in third world 
countries, affecting nearly 100 million people. Intra- 
mural deposits of ova lead to inflammatory changes 
of the distal ureteral and bladder wall, resulting in 
fibrosis and stricture. In addition, functional causes 
of obstruction may result from neurologic disorders, 
such as neurogenic bladder, which may lead to out- 
flow obstruction and vesicoureteral reflux, diabetes 
mellitus, and anticholinergic drugs. 

The most common extrinsic cause of obstruction 
in females is pregnancy (Fig. 14), followed by cervi- 
cal cancer. Up to 90% of pregnant women have 
some degree of hydronephrosis in the third trimes- 
ter [41]. The gravid uterus compresses the ureters 
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Gastrointestinal 
Colorectal carcinoma 


Nonobstructive 
Congenital 


Vesicoureteral reflux 
Acquired 

Acute pyelonephritis 
High urine outflow 


Obstructive 
Congenital 


Ureteropelvic junction obstruction (most 
common) 

Prune-belly syndrome 

Ureterocele 

Bladder diverticula 

Posterior urethral valves 

Myelodysplasia 


Acquired 


Intrinsic 
Intrarenal: Tubular precipitation 
Bence Jones proteins 
Uric acid 
Medications: acyclovir, methotrexate, 
sulfonamides 
Extrarenal 
Intraluminal ureteral obstruction 
Urolithiasis 
Blood clot 
Fungus ball 
Papillary necrosis 
Neoplastic 
Genitourinary 
Transitional cell carcinoma 
Renal cell carcinoma 
Squamous cell carcinoma 
Metastatic disease 
Inflammatory 
Schistosomiasis haematobium 
Tuberculosis 
Gonococcal and non-gonococcal 
urethritis 
Other 
Radiation therapy 
Surgery or trauma 
Functional 
Neurogenic bladder 
Diabetes mellitus 
Multiple sclerosis 
Spinal cord injury 
Anticholinergic drugs 
Extrinsic 
Neoplastic 
Gynecologic 
Benign and malignant uterine 
tumors 
Benign and malignant ovarian 
tumors 
Cervical carcinoma 
Genitourinary 
Benign prostate hypertrophy 
Prostate adenocarcinoma 


Lymphoma 
Sarcomas 
Metastatic disease 
Inflammatory 
Inflammatory bowel disease 
Appendicitis 
Diverticulitis 
Pelvic inflammatory disease 
Tubo-ovarian abscess 
Vascular 
Inflammatory abdominal aortic 
aneurysm 
Ovarian vein thrombophlebitis 
Retrocaval ureter 
Other 
Pregnancy 
Retroperitoneal fibrosis 
Pelvic lipomatosis 
Radiation therapy 


against the pelvic brim [42]. The right ureter is often 
more affected than the left ureter, because of an 
engorged right uterine vein | 43]. Ureteral dilatation 
manifests in weeks 6 through 10, and does not re- 
solve until 4 to 6 weeks postpartum |44]. Occasion- 
ally, dilatation may be seen in the first trimester, 
and is possibly attributable to the influences of pro- 
gesterone, which causes smooth muscle relaxation. 

Urolithiasis related to pregnancy is uncommon, 
affecting 1 in 1500 pregnancies [41]. Stones are 
more likely to be found in the ureter compared 
with the kidney (see Fig. 14) and affect the left 
and right sides equally |41|. Patients usually present 
in the second or third trimesters. Diagnosis is 
usually difficult, and ultrasound remains a primary 
imaging modality because of concerns for radiation 
exposure to the fetus. Sensitivity in detecting stones 
may be improved with the use of a transvaginal 
approach [34]. In addition, placing the patient in 
a decubitus position may help to relieve the hydro- 
nephrosis on the contralateral side, possibly differ- 
entiating between physiologic and stone-related 
hydronephrosis. 

The most common extrinsic cause of obstruction 
in older males is benign prostatic hypertrophy, 
resulting in symptomatic obstruction in 50% to 
75% of males over age 50 years and hydronephrosis 
in 10%. The second most common extrinsic cause is 
prostate adenocarcinoma, which directly obstructs 
the bladder outlet or ureters or metastasizes to 
lymph nodes. If it directly invades the ureter, it 
may cause intrinsic obstruction. 

Other important causes of extrinsic obstruction 
include pelvic malignancies with direct extension, 
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Fig. 9. Longitudinal gray-scale image of the left kidney in a 2-year-old boy who has a posterior urethral valve 
demonstrating moderate to severe hydronephrosis of the left kidney (A). Anteroposterior (B) and lateral 
(C) views of a voiding cystourethrogram demonstrate dilatation of the posterior urethra (arrow) and reflux 


of contrast into a dilated and tortuous left ureter. 


such as endometrial, ovarian, and colorectal car- 
cinoma and metastatic disease to lymph nodes, 
which may compress the ureters. Other causes, 
such as inflammatory changes in the vicinity of 
the ureters secondary to diverticulitis, append- 
icitis, inflammatory bowel disease, and pelvic 
inflammatory disease, may result in transient hy- 
dronephrosis. If fibrosis ensues, chronic hydro- 
nephrosis may develop. 

Retroperitoneal fibrosis is an uncommon cause 
of unilateral and bilateral hydronephrosis. The 


incidence is 0.1 per 100,000, affecting men three 
times more than women >|. The causes of 
retroperitoneal fibrosis are diverse, and include idi- 
opathic, drug-related, malignancy, surgical, and 
inflammatory causes [45]. Retroperitoneal fibrosis 
was originally diagnosed by IVP, which demon- 
strates medial deviation of the ureters bilaterally 
and proximal hydroureteronephrosis. CT and MR 
have now become imaging modalities of choice, 
demonstrating a rind of tissue surrounding the ves- 
sels. Diagnosis is difficult to make by ultrasound 


‘ig. 10. Longitudinal gray-scale (A) and postcontrast axial CT through the level of the mid-abdomen (B), in 
a patient who has longstanding left UPJ obstruction, demonstrating severe hydronephrosis of the left kidney 
with no hydroureter, thinning of the renal cortex, and a normal right kidney. 
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Fig. 11. Longitudinal gray-scale image (A) in a patient who has a duplicated collecting system demonstrates 
moderate to severe hydronephrosis of the upper pole of the left kidney and mild hydronephrosis of the lower 


pole. There are two dilated proximal ureters (arrows). Two transverse images (B and C) of the bladder reveal 
a dilated upper pole ureter (arrow) obstructed by a ureterocele (arrowhead). 


alone, but ultrasound may demonstrate hydro- 
nephrosis and iso- or hypoechoic mass engulfing 
the aorta and ureters |45]. 

Finally, pelvic lipomatosis is another cause of 
bilateral hydronephrosis, although the collecting 
system is sometimes unaffected. It is an idiopathic 
disease associated with cystitis glandularis, charac- 
terized by the proliferation of mature unencapsu- 
lated fat within the retroperitoneal pelvic space. It 
classically elevates and deforms the bladder into 
the shape of a pear or gourd and at times causes 
severe bilateral hydronephrosis. In contrast to retro- 
peritoneal fibrosis, which affects the proximal to 
mid ureters, pelvic lipomatosis displaces the distal 
ureters medially. 

The causes of hydronephrosis are extensive. 
When confronted with hydronephrosis on ultra- 
sound, the patient's age, sex, presenting symptoms, 
and medical history should help narrow the differ- 
ential considerably. In most cases, additional imag- 
ing with CT or MR should provide a working 
diagnosis. 


Physiologic effects of hydronephrosis 


The acute physiologic effects of hydronephrosis on 
the kidney have been described in three phases. The 


first phase occurs 1 to 1.5 hours following ureteral 
obstruction. Intraureteral pressures and renal blood 
flow increase secondary to afferent arterial vasodila- 
tion, a process believed to be mediated by prosta- 
glandins and possibly nitric oxide [46-49]. These 
prostaglandins also cause a diuresis that further 
increases renal pelvic pressure. 

The second phase occurs between 1.5 to 5 hours 
following obstruction. Efferent arteriole vasocon- 
striction is believed to cause a decrease in renal per- 
fusion and an increase in intraureteral pressures 
secondary to an increased glomerular filtration 
rate [46,48]. 

From 6 to 18 hours the third phase ensues, char- 
acterized by vasoconstriction of the afferent art- 
eriole. Many factors are believed to contribute, 
including angiotensin II, thromboxane A2, antidiu- 
retic hormone, and endothelin [50]. The result is 
a decrease in renal perfusion, glomerular filtration, 
and intraureteral pressure [46-48]. An increase in 
the venous and lymphatic reabsorption of urine 
contributes to the decrease in intraureteral 
pressures. 

Imaging in the work-up of patients who have re- 
nal colic captures a snapshot of a dynamic physio- 
logic process. Because obstructive hydronephrosis 
secondary to ureteral calculi undergoes a series of 
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g. 12. Longitudinal gray-scale images in a patient who has transitional cell carcinoma demonstrating moderate 
bilateral hydronephrosis (A and B) and a large bladder mass that exhibits vascularity on color Doppler evaluation 
(C). Delayed postcontrast axial CT through the level of the bladder (D) confirming large mass outlined by 


contrast within the bladder. 


physiologic changes, a normal ultrasound does not 
exclude the presence of obstruction. Patients are 
typically not imaged during the first several hours 
after the onset of symptoms. In addition, imaging 
may be performed after the kidney has compen- 
sated by increasing venous and lymphatic reabsorp- 
tion. In cases in which the calices have ruptured, 
pressure within the ureters and renal pelvis has 


been relieved and the collecting system may appear 
normal. 


Mimics of hydronephrosis 


Many conditions may confound a diagnosis of ob- 
structive hydronephrosis. False-positives include: 
(1) patients who have received significant 


. Longitudinal gray-scale image (A) of a patient with a history of radiation therapy of the pelvis for cer- 
vical cancer, revealing severe chronic hydronephrosis of the right kidney with parenchymal thinning of the cor- 
tex. Postcontrast axial CT at the level of the bladder (B) demonstrates a thick-walled bladder (arrowhead) and 
fibrosed irregularly shaped cervix (arrow) secondary to radiation sequela. 
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Longitudinal gray-scale image of the right kidney (A) demonstrates mild hydronephrosis, dilated renal 
pelvis, and perinephric fluid. Transverse image of the right UVJ (B) reveals a stone with acoustic shadowing. The 
examination also reveals a previously unknown intrauterine pregnancy, which contributes to the hydronephrosis 


(9. 


intravenous fluids or who are under conditions of 
diuresis, (2) prior urinary tract infections or ob- 
struction, which may result in a distended collect- 
ing system, (3) dilated calices secondary to other 
conditions, such as papillary necrosis and reflux ne- 
phropathy, and (4) centralized fluid collections not 
connected to the collecting system, such as peripel- 
vic cysts, distended renal veins, and renal artery 
aneurysms. 

Renal sinus cysts, such as peripelvic cysts, may 
mimic the appearance of hydronephrosis (Fis ) 

. Peripelvic cysts are benign extraparenchymal 
cysts, believed to be lymphatic in origin [52], arising 
from the renal sinus. Peripelvic cysts do not connect 
with the collecting system, a finding which may be 
difficult to appreciate by ultrasound. Excretory 
urography or contrast-enhanced CT should easily 
differentiate between peripelvic cysts, which often 
compress the collecting system, and hydrone- 
phrosis, which distends it. 

Vascular lesions, such as aneurysms or arteriove- 
nous fistulas (AVF), can involve the renal sinus 
and appear as a hypoechoic mass on gray-scale im- 
aging |52]. These lesions are readily identified by 
the color Doppler imaging, which reveals the pres- 
ence of flow. Fluid collections, such as urinomas 
and hematomas, may present with a similar 


appearance as renal sinus cysts on ultrasound. Uri- 
nomas typically result from forniceal rupture 
secondary to outflow obstruction, and exhibit 
perinephric low attenuation fluid on noncontrast 
CT [52]. Contrast-enhanced CT demonstrates ex- 
travasation of contrast outside the collecting sys- 
tem. Hematomas are usually related to a history 
of trauma, such as lithotripsy, or anticoagulation. 
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Longitudinal gray-scale image of the right 
kidney demonstrating a peripelvic cyst, mimicking 
the appearance of hydronephrosis. 


In this setting, noncontrast CT reveals high attenu- 
ation fluid, ranging from 30 to 50 HU. 

Hypoechoic malignancies, such as lymphoma 
(Fig. 16), may infrequently mimic the appearance 
of hydronephrosis. Lymphoma involving the renal 
sinus is typically non-Hodgkin lymphoma and is 
one of the most common manifestations of retro- 
peritoneal lymphoma [53]. It presents as a bulky 
retroperitoneal mass that is contiguous with the 
renal sinus. The mass usually engulfs rather than 
displaces or occludes vessels and surrounding struc- 
tures. Ultrasound usually depicts a homogenous, 
hypoechoic mass (see Fig. 16). 


Ureteric jets on color Doppler evaluation 


Ureteral jets are streams of urine exiting the ureteral 
orifices in the bladder, detected by color Doppler 
ultrasound as streams of color. Normal humans ex- 
hibit 1 to 12 jets/min on either side |54]. After 
a fluid challenge of up to one liter, ureteral jets 
may be used in the detection of high-grade obstruc- 
tion, which often demonstrates persistent absence 
or infrequent ureteral jet on one side [54]. Contin- 
uous flow may also suggest partial obstruction at 
the ureteral vesical junction. Ureteral jets are insen- 
sitive in the detection of partial low-grade obstruc- 
tion, however, and may be absent even in patients 
who do not have obstruction [54]. The presence 
or absence of ureteral jets does not correspond to 
the degree of hydronephrosis and should be used, 
at best, as an adjunct during ultrasound evaluation 
of obstruction. 


Role of resistive indices in hydronephrosis 


Since the late 1980s, several studies have investi- 
gated the potential of the Doppler RI ([peak systolic 
velocity — end diastolic velocity]/peak systolic 
velocity) as a measure of changes in renal blood 
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flow [55]. In an attempt to provide a more specific 
adjunct to gray-scale sonography in the diagnosis of 
acute obstructive hydronephrosis, the findings from 
these studies were often contradictory and 
discouraging. 

Normal renal arterial flow exhibits a low resis- 
tance waveform with flow maintained throughout 
diastole. RI in a normal kidney has been reported 
to be approximately 0.60 + 0.01 in a series of 58 
patients [56], 0.64 + 0.05 in a series of 21 patients 
[57], and 0.62 + 0.04 in a series of 28 patients [58]. 
An RI of 0.7 is now considered to be the upper 
limits of normal [59]. 

RIs have been found to be elevated in disorders of 
native kidneys other than obstructive nephropathy, 
such as acute tubular necrosis, acute pyelonephritis, 
tubular-interstitial disease, glomerulopathies, vasc- 
ulitides, and subcapsular fluid collections [60-62]. 
Normal RIs are also slightly higher in neonates and 
infants [63] and increase with decreases in heart 
rate |64]. 

Initial studies investigating the potential role of 
RIs in the evaluation of obstructive hydronephrosis 
reported sensitivities as high as 92% and specific- 
ities of up to 88% when using a threshold of 0.70 
[65,66]. These results were found to precede pelvi- 
caliceal dilation. An RI difference greater than 0.1 
between an affected and unaffected kidney was 
found only in patients who had true obstructive ne- 
phropathy and was more specific than the criteria of 
an RI of 0.7 for obstructive hydronephrosis | 67,68]. 
Although many other studies produced encourag- 
ing results [67,69-71], several investigations also 
reported sensitivities as low as 44% |72-74]. These 
conflicting results have led to a decrease in use of 
RIs as a reliable indicator of acute obstruction. 

Studies have also suggested a role of RIs in the 
evaluation of ureteric colic in pregnancy. Normal 
pregnant women who do not have significant renal 
disease demonstrate normal and symmetric RIs 


Fig. 16. Longitudinal color Doppler image of the left kidney (A) demonstrates a hypoechoic region in the renal 
sinus with the appearance of mild hydronephrosis. Postcontrast axial CT image through the left kidney (B) 
reveals large retroperitoneal mass (arrows) contiguous with the left renal sinus, representing lymphoma. 
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throughout pregnancy |75]. When an RI difference 
between kidneys greater than 0.1 is encountered, 
functionally significant obstruction is likely and 
an attempt should be made to identify a ureteral 
stone. The absence of a ureteral jet may also rein- 
force a clinical suspicion for a ureteral stone. These 
findings should be confirmed with the patient in 
the contralateral decubitus position, which relieves 
the pressure of the gravid uterus on the ureter |76]. 

Several reasons have been proposed to explain 
the variability in results of past studies. These 
include the exclusion of patients who had partial 
obstruction in earlier studies that supported the 
use of RIs, the vasodilatory effects of nonsteroidal 
anti-inflammatory medications (NSAIDs) used for 
pain control, and potential vasoconstrictive proper- 
ties of contrast used in intravenous pyelograms [59]. 
In addition, RIs are not significant during the first 
several hours and peak within the first 48 hours, af- 
ter which they remain elevated but to a lesser degree 
[72]. Ifa fornix ruptures, the RI may even normalize. 
The timing of the examination relative to the onset 
of obstruction affects the sensitivity of RIs. 

Current perspectives of RIs have begun to realize 
the complex relationship between RIs and arterial 
parameters, such as vascular resistance, vascular 
compliance, and heart rate. In vitro studies have 
examined these parameters, concluding that al- 
though the RI depends on vascular resistance and 
compliance, it may, in certain instances, become 
independent of vascular resistance, such as when 
compliance is zero |77]. Another ex vivo study has 
demonstrated a linear relationship between pulse 
pressure index, or driving pulse pressures, and RI 
[78]. The vascular changes that occur during ob- 
structive nephropathy are therefore complex, and 
RIs do not necessarily reflect these changes directly. 
If the relationship is better understood it may be 
possible to use the RI as a means of evaluating func- 
tional, as opposed to anatomic, dysfunction. 


Summary 


Urolithiasis, the most common cause of acquired 
extrarenal obstructive uropathy, is a common dis- 
ease encountered in the emergency room. In the 
presence of ureteral calculi, initial imaging, such 
as ultrasound, often reveals hydronephrosis, which 
characterizes the anatomic changes resulting from 
the obstruction. Because the differential for hydro- 
nephrosis is broad, an attempt to narrow the differ- 
ential should be undertaken, taking into account 
the patient's age, sex, symptoms, and pertinent 
medical history. 

Ultrasound is significantly less sensitive than 
noncontrast CT in detecting stones, but may be use- 
ful in patients in whom radiation exposure should 


be minimized. Methods of optimizing detection 
include following dilated ureters as far distally as 
feasible, focusing on the three primary regions of 
ureteral narrowing, using color Doppler to identify 
twinkling artifacts where acoustic shadowing is not 
present, optimizing scanning parameters to detect 
acoustic shadowing, and potentially using trans- 
vaginal ultrasound in female adolescents and 
pregnant women, particularly when gynecologic 
disease enters the clinical differential. 

Effort should be made to distinguish between 
obstructive uropathy and nephropathy, the latter 
signifying functional dysfunction of the kidney 
secondary to outflow obstruction. Because the 
grade of hydronephrosis does not necessarily corre- 
late with the degree of obstruction, using the RI as 
a means of quantifying functional impairment 
may be important in guiding medical and interven- 
tional therapy. Our understanding of how the RI 
relates to vascular parameters, such as vascular resis- 
tance, vascular compliance, and driving pulse 
pressures, is incomplete. Further studies need to 
elucidate how these factors change in this dynamic 
pathophysiologic process, particularly when medi- 
cations, presence of significant atherosclerotic dis- 
ease, medical renal disease, and use of contrast 
invariably affect these vascular parameters. Because 
ultrasound is a noninvasive, economical, and acces- 
sible imaging modality, refining the RI as a tool for 
assessing functional impairment would be of great 
usefulness in the management of kidney stones. 
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Bladder ultrasound (US) is noninvasive, readily 
accessible, and easy to use. It has been extensively 
investigated as a possible substitution for some of 
the more common invasive modalities used to eval- 
uate the bladder, namely cystoscopy and cystogra- 
phy. In fact, the US machine has become as 
integral a part of the urologist’s office as the cysto- 
scope. Modern US machines are compact, portable, 
and easily brought to the bedside, clinic, or operat- 
ing room. Images are created in real time and inter- 
pretation and diagnosis occur as the images are 
created. For these reasons, and because US is nonin- 
vasive and without harmful side effects, US has 
been liberally adopted by urologists for its diagnos- 
tic and procedural capabilities. Its broad range of 
applications includes determination of the presence 
and volume of postvoid residual urine, assess- 
ment of suspected bladder stones, diverticula, and 
other lesions, evaluation of the bladder neck for 
hypermobility in women suspected of stress 
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incontinence, and assessment of pediatric patients 
who have posterior urethral valves, ureteroceles, 
and, more recently, vesicoureteral reflux. 


Embryology 


Bladder development is a two-stage process begin- 
ning with the terminal end of the primitive gut, 
the embryonic cloaca (Fig. 1). The cloaca is divided 
into an anterior and posterior portion by the uror- 
ectal septum. The anterior portion forms the prim- 
itive bladder and the posterior portion forms the 
anorectal canal. The mesonephric ducts insert into 
the anterior portion of the cloaca, dividing it into 
a superior portion, the primitive bladder, and an in- 
ferior portion, the urogenital sinus. As the meso- 
nephric ducts are incorporated into the bladder 
they maintain separate openings near the lower 
portion, giving rise to the ureteral orifices. The up- 
per portion of the cloaca or primitive bladder is 
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Fig. 1. Urogenital embryology. Division of the cloaca into the urogenital sinus and rectum and development of 
the urinary bladder, urethra, and urachus. (A) Lateral view of the caudal half of a 5-week embryo. (B, D, F) Dorsal 
views. (C, E, G, H) Lateral views. The stages shown in G and H are reached by the 12th week. (From Moore KL, 
Persaud TVN. The developing human: clinically oriented embryology. 6th edition. Philadelphia: WB Saunders; 
1998. p. 303-47; with permission.) 
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continuous with the allantois. The urachus is the At birth, the neonatal bladder occupies a much 
superior connection with the allantois, which de- more superior location in the pelvis than the adult 
generates into a cordlike structure called the me- bladder. With maturation, the bladder assumes 


dian umbilical ligament in the adult. a lower position within the true pelvis. 


Sonographic technique 


Bladder ultrasonography can be performed through 
a transabdominal, transrectal, transvaginal, or tran- 
surethral approach. The transabdominal approach 
is used most commonly. For most adults a 3.5-MHz 
probe provides appropriate images. A 2.0-MHz 
probe is necessary for use on the very obese patient, 
however; this longer wavelength sacrifices re- 
solution to provide better depth of penetration. 
Conversely, for the very thin patient a 5.0-MHz 
probe may penetrate deep enough to image the 
bladder and provide excellent resolution. 


Transabdominal scanning 


When empty, the bladder lies behind the pubic 
symphysis and is difficult to find with US. US 
should be performed with the bladder full. The av- 
erage adult bladder holds about 500 mL comfort- 
ably, and patients should be instructed to drink 8 
to 16 ounces of fluid before their study |1]. With 
the patient supine, the appropriate transducer is 
placed 1 cm superior to the pubic symphysis and 
angled caudally. The bladder should be scanned 
in real time in longitudinal and transverse orienta- 
tions. To image the anterior basal portions of the 
bladder, the transducer must be angled behind the 
symphysis pubis; in some patients body habitus 
precludes adequate visualization of this region. 
Several factors may complicate transabdominal 
imaging. For instance, the postsurgical patient 
may have incisions and dressings in the suprapubic 
region that hamper adequate probe placement. 
Alternatively, patients who have an indwelling 
catheter or those who have had recent bladder in- 
strumentation may have air at the dome of the blad- 
der, limiting through-transmission of the US beam. 


Transrectal scanning 


Transrectal US is primarily used to image the pros- 
tate; however, it may be used to image the bladder 
also. With the patient in either the lateral decubitus 
or dorsal lithotomy position, the well-lubricated 
transrectal probe is guided into the rectum above 
the anal verge and a thorough sonographic exami- 
nation of the bladder is performed. Biplane, multi- 
plane, and end-fire endorectal probes with 
a frequency range from 6 to 8 MHz are used to im- 
age the bladder, prostate, and adjacent structures, 
including the seminal vesicles and urethra. Longitu- 
dinal movement provides an infinite number of se- 
tial sections of the bladder, and the rotational 
movement (depending on the probe type) provides 
sonotomograms of it. For best results, an enema 
can be administered before transrectal scanning; 
however, it is not absolutely necessary. A catheter 
can be inserted into the bladder so that the bladder 
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may be readily distended for the study. The balloon 
from an indwelling transurethral catheter provides 
a useful landmark to identify the bladder neck. 


Transurethral scanning 


Although evidence suggests that transurethral scan- 
ning may be the best method for the evaluation of 
bladder tumors, this approach requires the place- 
ment of a resectoscope sheath and must be per- 
formed with either a local or general anesthetic. 
These requirements significantly limit its clinical 
applications. The 3.5- to 7.0-MHz transducer fits 
within a standard 24-French resectoscope sheath. 
When further information is desired during cystos- 
copy, the optics can be removed from the sheath 
and replaced with the transurethral scanner. With 
the bladder distended, dynamic scans are obtained 
at different angles, positions, and degrees of infla- 
tion to view all surfaces of the bladder. Transure- 
thral imaging provides superior resolution of the 
bladder wall, enabling a more precise staging 
of bladder tumors than other methods of 
ultrasonography. 


Transvaginal scanning 


The same probes used for transrectal scanning may 
be placed inside the vagina to scan the bladder and 
urethra. The main application of this mode of scan- 
ning today is for urodynamic applications and for 
the evaluation of urethral pathology. 


Normal anatomy 


The anatomic structures adjacent to the bladder 
vary according to the sex of the patient. The adult 
bladder sits in the bony true pelvis. The dome, 
apex, superior, lateral, and posterior one third of 
the bladder are covered by peritoneum. The sym- 
physis pubis abuts the anterior aspect of the bladder 
in both sexes and blocks the through-transmission 
of the US waves. In the female pelvis, the bladder 
is immediately anterior to the uterus; the rectovesi- 
cal pouch, therefore, lies between the uterus and the 
rectum. In the male, the rectovesical pouch lies pos- 
terior to the bladder as do the fluid-filled seminal 
vesicles. Medial to the seminal vesicles, the tubu- 
lar-shaped vas deferens can be imaged. The base 
of the male bladder sits atop the prostate. As men- 
tioned, the prostate is generally better imaged 
transrectally. 

The bladder should appear as a sonolucent struc- 
ture with sharply demarcated walls. Typically, the 
bladder is seen as a spherical structure and the inter- 
face between the fluid medium and the bladder 
wall is distinct. The bladder wall normally appears 
as a symmetric, smooth, gently curved surface. 
The sonographic appearance of the bladder wall 
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varies with the frequency of the US probe used. The 
separate layers of the bladder wall are only discern- 
ible when a high-frequency probe is used in chil- 
dren and some young adults. When discernible, 
the echogenic mucosa is seen abutting the more so- 
nolucent muscle layers (Fig. 2) |1]. With the typical 
3.5-MHz transabdominal transducer, the bladder 
wall appears as a single echogenic layer. 

When viewed transabdominally, the bladder 
shows some variability in shape depending on the 
amount of fluid present, intrapelvic pressure varia- 
tions, patient position, and the position of the 
probe. The seminal vesicles and prostate can be im- 
aged transabdominally but not as precisely as with 
a transrectal probe. Longitudinal scans reveal a ta- 
pering of the bladder anteriorly with an orientation 
toward the umbilicus. Sometimes the flow of urine 
into the bladder can be seen on routine US. A ure- 
teral jet of urine can be seen as an intermittent 
echogenic focus emerging from the ureteral orifice 

2,3]. Ureteral jets are more easily observed with 
color flow Doppler (Fig. 3) [1]. When inserted, 
the balloon of a Foley catheter serves as a useful 
landmark to identify the bladder neck (Fig. 4). 


Measurement of bladder wall thickness 


Elevated intravesical pressures because of bladder 
outlet obstruction or neurogenic changes to the 
bladder may ultimately result in pathologic bladder 
wall thickening. If bladder wall thickness could be 
reliably and reproducibly measured using US, this 
could be assessed at regular office visits. If the blad- 
der wall thickness becomes abnormal or worsens, 
further evaluation and treatment can be under- 
taken. Because measurement of bladder wall thick- 
ness varies depending on the degree of bladder 
distention, the area of the bladder measured, and 
transducer frequency, great care must be taken 
when interpreting these measurements (Fig. 5). As 
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Fig. 2. High-frequency ultrasound of a normal blad- 
der in a thin patient. The bladder is lined by echo- 
genic mucosa and layers of detrusor muscle. 


Fig. 3. Bilateral crossing ureteral jets are well visual- 
ized using color Doppler ultrasonography. 


a general guideline for adults, the normal full blad- 
der wall is about 3 mm and the normal empty blad- 
der wall is about 5 mm |1]. A recent study of 
bladder wall thickness in 150 normal children 
from newborn to 13 years old demonstrated that 
normal thickness increases slightly with age |4]. 
The authors found that at a bladder fullness of 
10% of expected bladder capacity the average blad- 
der wall thickness was 2.0 mm. This thickness de- 
creased to 1.5 mm once the bladder exceeded 
50% of expected bladder capacity. Yamazaki and 
colleagues |5] found that mean bladder wall thick- 
ness, measured at a bladder volume greater than 
10 mL, was significantly greater in males than in 
females at 1.63 mm versus 1.38 mm, respectively. 


Residual urine volume 


Measurement of residual urine to evaluate for uri- 
nary retention or voiding efficiency is perhaps the 
most common application of bladder US. US pro- 
vides a rapid, noninvasive means to estimate resid- 
ual urine volume without the risk for infection or 
the discomfort associated with urethral catheteriza- 
tion. Minimizing the risk for infection is particu- 
larly important in the ICU and inpatient settings 
in which urinary tract infection is the most com- 
mon nosocomial infection and the risk increases 
with repeated catheterizations |6]. Similarly, several 
recent articles have advocated performing bladder 
US in neonates and young children to evaluate 
bladder fullness and eliminate unfruitful, painful 
catheterizations |7,8]. Using the standard gray- 
scale, real-time scanner the bladder is imaged trans- 
versely and longitudinally. Measurements are taken 
of the width, height, and length. The formula for 
calculating the volume of an ellipsoid has been 
found to be the most accurate for estimating blad- 
der volume: volume = 0.52 x length x width x 
height |9]. This calculation is performed automati- 
cally by most current US machines. 
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BLADDER TRANS 


A Foley catheter is demonstrated as an echogenic circle with an anechoic interior in a moderately filled 
bladder (A). A Foley catheter balloon is inflated in a decompressed bladder (B). 


Newer devices or bladder scanners are small and 
portable, fitting easily into the palm of the hand, 
and specifically designed for automated bladder 
volume determinations by minimally trained per- 
sonnel. The transducer is placed in the normal po- 
sition for bladder US until the bladder shadow 
appears in the cross-hairs of the sighting display. Af- 
ter activating the scanner, multiple spatially inter- 
locked ultrasonic images are generated at fixed 
angles to each other. A volumetric model of the 
whole bladder is constructed. Bladder volume is de- 
termined by a three-dimensional integration pro- 
cess rather than by a fixed geometric formula. 
Scanned volumes have been shown to have an over- 
all accuracy of 94% for volumes 100 mL or greater 

. Scanned volume underestimates the true blad- 
der volume by an average of 10 mL in men and 
20 mL in women. 

Numerous studies have evaluated the accuracy of 
US-determined bladder volumes with standard ma- 
chines and handheld bladder scan units compared 
with catheter-determined volumes . In 
general standard machines are more accurate 
than handheld machines; however, given their por- 
tability and point-and-shoot ease of use, handheld 
scanners do have a place in clinical practice. For 
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clinical purposes it is seldom necessary to know 
the precise amount of residual urine. It is more im- 
portant to know whether residual urine is present, 
and, if present, if it is significant . One notable 
exception in which precision is of the utmost im- 
portance is in determining bladder volumes in neo- 
nates. US-determined volumes are more accurate at 
volumes greater than 100 mL and have error ranges 
in the 20 to 50 mL range. The normal neonatal 
bladder capacity is about 60 mL. A study of 10 neo- 
natal patients who had neurogenic bladders com- 
pared automated bladder scan volumes to 
catheterized volumes and, as expected, found 
a low correlation 


Congenital abnormalities 


Most congenital anomalies are diagnosed during 
the neonatal period. Megaureter, or ureteral diame- 
ter greater than 1.0 cm, can be detected on bladder 
US as a dilated structure immediately posterior to 
the bladder . The normal ureter is not detect- 
able on this view. Any suspected midline omphalo- 
vesical abnormalities in children or adults should 
be evaluated with US . Urachal remnants, 
vesical duplication anomalies, and in cases of 
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The normal bladder wall appears thinner in a filled state (A) compared with the postvoid state (B). 
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a solid mass, urachal carcinoma, can be detected 
[18]. Ultrasonographically, the urachal cyst 
occupies an extraperitoneal location and is in the 
expected line of the median umbilical ligament. 
Uninfected, it is a sonolucent, oval-shaped cyst 
(Fig. 6). The vesicourachal diverticulum appears 
as a saclike midline projection from the superior 
aspect of the bladder. Today, bladder exstrophy is 
generally detected on routine prenatal US and 
specific findings have been described |19]. 
Ureteroceles are easily detected with transabdo- 
minal bladder sonography. Ureteroceles have a fixed 
base with an anechoic center and thin echogenic 
wall (Fig. 7). Their sonolucent center and the eas- 
ily-identifiable thin wall help to differentiate ureter- 
oceles from bladder tumors, which are also fixed to 
the bladder wall. Occasionally, a stone may form 
within a ureterocele and is easily detected as an 
echogenic focus with posterior shadowing. 


Acquired abnormalities 


Bladder diverticula 


One of the sequelae of bladder outlet obstruction, 
a thickened bladder wall, has already been dis- 
cussed. Bladder diverticula represent a second se- 
quela of this process. They are seen most often in 
men who have chronic bladder outlet obstruction 
attributable to benign prostatic hyperplasia. Rarely, 
they are a congenital anomaly. Diverticula greater 
than 2 cm appear as sonolucent masses adjacent 
to the bladder wall, which is often thickened 
(Fig. 8). If the opening of the diverticulum cannot 
be identified then the differential diagnosis would 
include cystic masses extrinsic to the bladder, such 
as ovarian cysts, hematomas, or lymphoceles |1]. 
Occasionally the diverticulum may harbor calculi, 
blood clots, and neoplasms, which appear as an 
echogenic focus. Postvoiding scans are helpful be- 
cause often the diverticula do not empty and 


Fig. 6. A urachal cyst (marked, A) is an oval-shaped, 
midline, sonolucent structure just anterior to the 
bladder. 
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Fig. 7. An ureterocele is demonstrated as an echogenic 
ring protruding into the bladder. A dilated ureter 
(marked, A) is well visualized because of obstruction 
caused by the ureterocele. 


occasionally increase in size. Cystography can con- 
firm the diagnosis. 


Calculi, clots, and other debris 


The same stones and blood clots that can be found 
in a diverticulum can be found in the bladder or 
distal ureter also. Bladder stones should move 
with changes in patient position and appear hyper- 
echoic with acoustic shadowing (Fig. 9). Blood 
clots are typically viewed as masses of increased 
echogenicity mobile within the bladder. The mobil- 
ity of blood clots often distinguishes them from 
fixed neoplasms; however, clots can be adherent 
also. When there is a large amount of clot in the 
bladder it may be imaged as a medium echogenic 
focus that layers dependently. 
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Fig. 8. Several bladder diverticula are visualized as so- 
nolucent structures adjacent to the bladder. They rep- 
resent out-pouchings of bladder mucosa between 
hypertrophied bundles of detrusor muscle. The blad- 
der wall is diffusely thickened, but the diverticula are 
devoid of muscle. 
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Fig. 9. An echogenic calculus (marked, A) is well visu- 
alized at the ureterovesical junction with a line of 
posterior acoustic shadowing. The shadowing occurs 
as a result of the inability of ultrasound to penetrate 
beyond the dense calculus. 


Cystitis 

US does not typically play a role in the evaluation of 
patients who have acute bacterial cystitis; however, 
if performed, the most common finding is a dif- 
fusely thickened bladder wall. Several authors 
have suggested serial bladder US as a way of moni- 
toring progression or resolution of certain bladder 
pathologies. Cartoni and colleagues [20] used US 
to follow hemorrhagic cystitis secondary to bone 
marrow transplantation. Dittrich and Doehring 
[21] reported using US to follow urinary 
schistosomiasis. 


Masses 


Superficial transitional cell carcinoma appears as 
a polypoid, echogenic, or hyperechoic projection 
from the bladder wall (Fig. 10) [1]. Bladder disor- 
ders that can mimic malignancy on US include cys- 
titi, bladder trabeculae, blood clots, stones, 
ureteroceles, and a prominent prostatic median 
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Fig. 10. An echogenic mass projects from the left 
bladder wall and represents a superficial papillary 
transitional cell carcinoma. 
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lobe. Ultimately, cystoscopy and biopsy are needed 
to differentiate between these lesions. 

Factors that affect the accuracy of transabdomi- 
nal US in evaluating the bladder for malignancy 
include body habitus, bladder distention, and 
size and location of the tumor |1]. The dome 
and anterior bladder are difficult to evaluate with 
transabdominal US. The size of the tumors is 
also important, with studies noting diagnostic ac- 
curacy of only 38% for tumors smaller than 5 mm, 
82% for tumors 5 to 10 mm, and 100% for tumors 
greater than 10 mm [22]. Transabdominal US is 
not accurate in staging superficial versus deeply 
invasive tumors (Fig. 11). In situ lesions cannot 
be detected and transabdominal US cannot 
distinguish Ta from T1 lesions or T1 from T2 le- 
sions |23]. If the tumor has invaded beyond the 
bladder wall or involves the perivesical or retroper- 
itoneal lymph nodes, transabdominal US can stage 
these lesions with an accuracy approaching 100% 
[24]. 


Extrinsic masses 


Disorders of structures adjacent to the bladder may 
deform it and cause distortion and fixation the 
bladder wall. Cervical, colon, and prostate cancer 
may extend locally into the bladder muscle. Al- 
though an intraluminal mass may not be present, 
the involved wall is fixed and difficult to differenti- 
ate from the primary tumor mass. Benign perivesi- 
cal processes may also distort the bladder 
(Fig. 12). These include müllerian duct remnants, 
abscesses, hematomas, urinary extravasation, uter- 
ine fibroids, and ovarian cysts. US is also helpful 
in differentiating a distended bladder from another 
type of pelvic mass |25]. 
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Fig. 11. A sessile mass at the right lateral bladder wall 
that was later confirmed to be muscle-invasive transi- 
tional cell carcinoma. Color Doppler ultrasonography 
helps differentiate the mass as perfused tissue from 
echogenic clot, which would not demonstrate 
blood-flow. 
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Fig. 12. A large hematoma in the right hemipelvis displaces an otherwise normal bladder laterally. This is dem- 
onstrated on a coronal CT with the bladder filled with contrast (A) and also on ultrasound (B) as an echogenic 


hematoma displacing a sonolucent bladder. 


Suprapubic aspiration 

Suprapubic placement of a needle into the bladder 
may be required to obtain a sterile urine specimen 
or as the first step in the placement of a percutane- 
ous cystostomy tube. The position of the distended 
bladder is determined and the needle can be di- 
rected into the bladder with US guidance. This tech- 
nique is particularly helpful in children and obese 
patients, in whom the distended bladder may be 
more difficult to percuss. 


The retained Foley 


Failure of a Foley catheter balloon to deflate is a rare 
complication of urinary catheterization. When ini- 
tial techniques for removal fail, US can be used to 
image the balloon and guide its safe puncture. 
Transabdominal US is used to locate the balloon 
within the full bladder. A small-gauge spinal needle 
can then be advanced percutaneously by way of 
a suprapubic approach, under US guidance. The 
balloon is punctured under direct monitor view. 
On removal, the balloon must be examined to en- 
sure that it was removed intact [26]. 


Urodynamics 


Real-time US can be combined with standard uro- 
dynamics in the evaluation of voiding disorders 
and has been proposed as a radiation-free alterna- 
tive to fluoroscopy. Furthermore, US can provide 
useful information regarding the anatomy of the 
bladder base, pelvic floor, and urethra [27]. The 
bladder neck and proximal urethra are best seen 
by transrectal, transvaginal, and transperineal 
probe placement. For transrectal scanning a high- 


frequency (7 to 10 MHz) linear array probe is pre- 
ferred. Patients may be studied in the left lateral de- 
cubitus, dorsal lithotomy, or standing positions. 
Once the probe is inserted the face of the transducer 
is directed anteriorly toward the urethra. Transvagi- 
nal scanning is performed similarly. Transperineal 
scanning uses a 3.5- to 5.0-MHz probe placed on 
the perineum. On transverse section three distinct 
layers of the urethra may be seen: an outer hypere- 
choic layer representing the rhabdosphincter, a cen- 
tral hyperechoic layer representing smooth muscle 
and connective tissue, and an innermost hypoe- 
choic layer corresponding to the urethral lumen. 

Transvaginal US been used to evaluate the 
mid-urethra and urethral sphincter in cases of in- 
continence and urinary retention [28,29]. Ultraso- 
nographic measurement of the urethral angle has 
been proposed for more accurate evaluation of ure- 
thral hypermobility [30-32]. Transperineal color 
Doppler US has been used to measure urine veloc- 
ity in the prostatic urethra of men who have bladder 
outlet obstruction [33,34]. Most of these applica- 
tions are still in the experimental phase, and the 
widespread clinical applicability of US in this field 
remains to be determined. 


New frontiers 


Most new research in applications of bladder US 
has been in the pediatrics realm, in which limiting 
exposure to ionizing radiation is particularly im- 
portant. It is estimated that as much as 25% of 
the radiation that has the potential to produce ge- 
netic alterations is received by the pediatric 


population during imaging of the urinary system, 
especially with voiding cystourethrography 
(VCUG) [35,36]. Over the last decade, several stud- 
ies have evaluated the application of contrast-en- 
hanced US to the evaluation of vesicoureteral 
reflux (VUR) [37-40]. These injectable agents are 
a fluid suspension containing small particles mea- 
suring 1 to 5 um that increase the backscattered 
US signals and thus result in better image contrast 
[41]. Berrocal and colleagues [39] used a sono- 
graphic echo enhancer made of a galactose suspen- 
sion to perform voiding cystosonography on 216 
pediatric patients aged 3 days to 18 years. The re- 
sults were compared with standard VCUG per- 
formed at the same sitting. Ten milliliters of 
contrast solution was instilled with normal saline 
to a volume equal to the patient's estimated bladder 
capacity by age. VUR was diagnosed at cystosonog- 
raphy when microbubbles appeared in the ureter or 
renal pelvis. It was graded by using the classification 
of Atala and colleagues [40]: grade 1, echo contrast 
in only the ureter; grade 2, echo contrast in the pel- 
vicaliceal system with no dilatation; grade 3, mild 
to moderate dilatation of the pelvicaliceal system; 
grade 4, moderate to severe dilatation of the pelvi- 
caliceal system; and grade 5, gross dilatation of 
the pelvicaliceal system with total or partial atro- 
phy. The comparison of cystosonography with 
VCUG showed that both techniques were concor- 
dant for the presences or absence of VUR and for 
the grade of VUR in 83.7% of renal units. There 
was concordance in the detection of VUR but not 
in the grade of VUR in 3.8% of the units. Cystoso- 
nography tended to depict a higher grade of VUR 
than did VCUG when both tests demonstrated 
VUR. Because treatment recommendations for 
VUR are based on grades determined by fluoro- 
scopic VCUG, the upgrading inherent to cystoso- 
nography may have significant clinical impact; 
this needs to be further evaluated before its incor- 
poration into routine use. 

One of the inherent benefits to VCUG is its ability 
to provide anatomic evaluation of the urethra dur- 
ing the voiding phase of the scan. Using transperi- 
neal US applied to the labia in females or 
penoscrotal junction in males as part of a con- 
trast-enhanced voiding US of the bladder, Berrocal 
and colleagues [37] were able to evaluate the ure- 
thra of 146 pediatric patients. Sensitivity and spec- 
ificity for detecting urethral abnormalities, such as 
posterior urethral valves or urethral strictures, 
were 100% when compared with VCUG. 


Summary 


Ultrasonography of the bladder and using the blad- 
der as an acoustic window are diagnostic tools 


Sonography of the Urinary Bladder 


adaptable to various clinical settings. Because blad- 
der US noninvasive and does not require ionizing 
radiation, the range of its clinical usefulness will 
continue to be investigated and broadened. 
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The development of digital sonographic 
equipment and new high-frequency broadband 
transducers improves the quality of ultrasound 
imaging, particularly in superficial tissues, such as 
those of the testis. Sonography may be the preferred 
imaging technique for evaluation of testis anatomy 
and pathologies because its improved spatial resolu- 
tion allows evaluation of normal and pathologic 
structures, and increased color Doppler sensitivity 
for low flows allows full evaluation of testicular 
vascularity. Ultrasound (US) with a high-frequency 
transducer and the use of gray-scale, pulsed, color, 
and power Doppler modes has become the imaging 
modality of choice for evaluating testicular anatomy 
and disease states affecting the testes |1]. 

US with a high-frequency transducer helps to 
image and better characterize the testicular anat- 
omy and flow and, in many circumstances, allows 
for a more specific diagnosis. One of the most 
important roles of sonography is to differentiate 
the solid from cystic nature of lesions and 
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intratesticular lesions from extratesticular lesions; 
although most of the intratesticular solid lesions 
are malignant, most of the extratesticular lesions 
are benign regardless of solid or cystic nature. 
High-resolution, real-time US is accurate for distin- 
guishing intratesticular from extratesticular lesions 
[2] and its accuracy approaches nearly 100%. 
High-frequency sonography can help identify 
certain benign intratesticular lesions, resulting in 
testis-sparing surgery | 1]. 

Although testicular neoplasms are a rare, consti- 
tuting about 1% of all malignant neoplasms in 
men, it is the most common malignancy in young 
men and boys 15 to 34 years of age |3]. Most 
tumors are discovered on physical examination as 
painless or slightly painful enlargement of the testis 
or as a nodular abnormality with an irregular sur- 
face |4]. Physical examination alone is not reliable 
to differentiate intratesticular lesions from extrates- 
ticular lesions. To detect small masses or subtle 
changes in the testis may also be difficult even by 
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careful physical examination. Moreover, it is not 
possible to predict the nature of the lesion by phys- 
ical examination. For these reasons, high-resolution 
US is used as the primary imaging modality for 
evaluation of the symptomatic or suspected testicu- 
lar lesions. 

The aim of this article is to familiarize the reader 
with the sonographic appearances of the most 
common and some of the least common testicular 
tumors and tumor-like lesions. Some other lesions 
that may mimic neoplasms are also reviewed. In 
addition, ultrasound examination technique and 
normal anatomy of the testis are mentioned briefly. 


Ultrasound technique 


Scrotal sonography is performed with the patient 
lying in a supine position and the scrotum sup- 
ported by a towel placed between the thighs and 
the penis placed on the abdomen and covered 
with a towel |1,5,6]. Scrotal US should be per- 
formed with the highest frequency linear array 
transducer that gives adequate penetration (7-14 
MHz). To avoid cremasteric muscle contraction 
that causes erroneous skin thickening, the tempera- 
ture of the examination room and ultrasonic acous- 
tic gel should be warm. Examination is usually 
performed with the transducer in direct contact 
with the skin, but if necessary a stand-off pad can 
be used for assessment of superficial lesions |1]. 
Copious amounts of gel should be applied to the 
skin to allow adequate contact and transducer 
movement over the scrotal skin without causing 
patient discomfort. 

The testes are examined in at least two planes, 
along the longitudinal and transverse axes, and 
multiple static images are obtained in each plane. 
The size, echogenicity, and vascularity of each testis 
and epididymis are compared with those on the 
opposite side. If the patient is evaluated for an acute 
scrotum, the asymptomatic side should be exam- 
ined initially to set the gray-scale and color Doppler 
gains to allow comparison with the affected side. 
Color Doppler and spectral Doppler parameters 
are optimized to demonstrate low-flow velocities 
and blood flow in the testis and surrounding scrotal 
structures [1,5]. Power Doppler US may also be 
used to demonstrate intratesticular flow, especially 
in patients who have an acute scrotum. In power 
Doppler US technique, the color map displays the 
integrated power of the color signal to depict the 
presence of blood flow instead of its mean Doppler 
frequency shifts. It provides higher sensitivity to 
low blood flow than color Doppler technique and 
its signal is independent of the Doppler angle |7]. 
Three-dimensional (3-D) color or power Doppler 
is used alternatively to display vascular patterns of 


lesions. Transverse images with portions of each 
testis on the same image should be recorded in 
gray-scale and color Doppler for comparison 
purposes. The structures within the scrotal sac are 
examined to detect extratesticular masses or other 
abnormalities |1]. 

A significant problem with using high-frequency 
transducer during scrotal examination is the limited 
field of view (FOV) [8]. To overcome this limitation, 
an extended FOV imaging or panoramic imaging 
technique has been designed [9]. In this technique, 
multiple images are acquired from many transducer 
positions during the lateral movement of the trans- 
ducer over the area of interest [8,9|. The proper 
relative positions of the multiple images are deter- 
mined in the scanner by comparison of image 
data features in the regions of overlap between 
successive images. The images are registered with 
respect to each other, and the registered image 
data are accumulated in a large image buffer and 
then combined to form the complete, large FOV 
image |9|. This technique permits visualization of 
large anatomic segments as a panoramic image 
and it clearly shows the exact location of the lesion 
and its relationship with the surrounding structures 
[8]. 

Because patient history is important for accurate 
diagnosis, obtaining a patient history and perform- 
ing a physical examination before the US procedure 
(to detect a small palpable mass and directly exam- 
ine it) is an essential part of a complete examina- 
tion [6]. In patients who have small palpable 
masses, scans should include the area of clinical 
concern. A finger should be placed beneath the 
nodule and the transducer should be placed directly 
over the nodule for scanning, or a finger can be 
placed on the nodule and the transducer opposite 
to confirm imaging of the lesion | 1]. 


Sonographic anatomy of the testis 


The scrotum is separated by a midline septum (the 
median raphe), with each half of the scrotum 
containing a testis, the epididymis, and scrotal 
portion of the spermatic cord. The normal scrotal 
wall thickness is 2 to 8 mm depending on cremas- 
teric muscle contraction [10]. The normal adult 
testes are symmetric, roughly ovoid structures with 
medium-level echoes and measure about 5 x 3 x 2 
cm |1]. Echogenicity of the testis is low to medium 
in neonates and infants and the echogenicity pro- 
gressively increases from 8 years of age to puberty 
with the development of germ cell elements 
[11,12]. The tunica albuginea is the fibrous sheath 
that covers the testicle. The tunica albuginea 
appears as a thin echogenic line around the testis 
sonographically, and is covered on the inside by 


the tunica vaginalis that consists of visceral and 
parietal layers normally separated by a few millili- 
ters (2-3 mL) of fluid (Fig. 1). The parietal and 
visceral layers of the tunica join at the posterolateral 
aspect of the testis, where the tunica attaches to the 
scrotal wall. The tunica vaginalis covers the testis 
and epididymis except for a small posterior area 
[1,5]. The tunica albuginea projects into the interior 
of the testis to form the incomplete septum, the 
mediastinum testis | 1,13]. Sonographically, the me- 
diastinum testis is an echogenic band of variable 
thickness that extends across the testis in the cranio- 
caudal direction. It may resemble a testicular lesion, 
if imaged at an angle |5]. From the mediastinum, 
numerous fibrous septa extend into the testis divid- 
ing it into 250 to 400 lobules, each of which con- 
tains one to three seminiferous tubules supporting 
the Sertoli cells and spermatocytes that give rise to 
sperm |1]. Spermatogenesis occurs within the sem- 
iniferous tubules. Each seminiferous tubule is ap- 
proximately 30 to 80 cm long; thus, the total 
estimated length of all seminiferous tubules is 300 
to 980 m [3]. The seminiferous tubules open by 
way of the tubuli recti into dilated spaces called 
the rete testis within the mediastinum. The normal 
rete testis can be identified at high-frequency US in 
18% of patients as a hypoechoic area with a striated 
configuration adjacent to the mediastinum testis 
(Fig. 2) [1]. The rete testis, a network of epithe- 
lium-lined spaces embedded in the fibrous stroma 
of the mediastinum, drains into the epididymis 
through 10 to 15 efferent ductules. The epididymis, 
a tubular structure consisting of a head, body, and 
tail, is located superior to and is contiguous with 
the posterior aspect of the testis. The normal epidid- 
ymis is best evaluated in a longitudinal view. It is 
homogenous, well-defined, and its echogenicity is 
variable. The head of the epididymis is a pyramidal 


Fig. 1. Normal testis. Longitudinal gray-scale sonogram 
of the right testis shows homogenous medium-level 
echogenicity. Tunica albuginea covering the testis can 
be seen anteriorly (arrows). 


US Evaluation of Testicular Neoplasms 


Fig. 2. Normal rete testis. Transverse oblique color 
flow Doppler sonogram of the testis reveals tubular 
hypoechoic, avascular area (arrow) consistent with 
normal rete testis at the posterior end of the right 
testis. 


structure 5 to 12 mm in maximum length and 
mostly isoechoic to the testis, and its echotexture 
may be coarser than that of the testicle | 1,14]. The 
head of the epididymis is composed of 8 to 12 effer- 
ent ducts converging into a single larger duct in the 
body and tail. This single duct becomes the vas 
deferens and continues in the spermatic cord | 1]. 
The narrow body of the epididymis (2-4 mm in di- 
ameter), when normal, is usually indistinguishable 
from the surrounding peritesticular tissue. The tail 
of the epididymis is about 2 to 5 mm in diameter 
and can be seen as a curved structure at the inferior 
pole of the testis |1]. 

There are four testicular appendages: the appen- 
dix testis (hydatid of Morgagni), the appendix 
epididymis, the vas aberrans, and the paradidymis. 
They are remnants of the mesonephric and parame- 
sonephric ducts [1,15]. The appendix testis and the 
appendix epididymis are usually seen on scrotal US. 
The appendix testis is a small ovoid structure at- 
tached to the upper pole of the testis in the groove 
between the testis and the epididymis (Fig. 3); it is 
normally hidden by the head of epididymis, mak- 
ing it nearly impossible to differentiate in normal 
examinations unless it is surrounded by fluid 
[1,16]. The appendix testis has been identified in 
92% of testes unilaterally and 69% bilaterally in 
postmortem studies |17]. The appendix epididymis 
is the same size and echogenicity as the appendix 
testis but is often pedunculated, attached to the 
head of the epididymis, and is encountered unilat- 
erally in 34% and bilaterally in 12% of postmortem 
series |1,5,11|. The presence of a minimal amount 
of fluid facilitates visualization on sonography. 
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Fig. 3. Appendix of testis. Longitudinal gray-scale 
sonogram of the superior pole of the testis demon- 
strates an isoechoic structure (arrow) arising from 
the superior pole of the testis (7), suggestive of 
appendix of testis. Presence of hydrocele permits its 
easy identification. 


The paradidymis is normally not identified sono- 
graphically, but it may swell and distend, forming 
a cyst-like structure that can be seen sonographi- 
cally and should not be confused with an epididy- 
mal cyst | 13]. 

The right and left testicular arteries arise from the 
abdominal aorta and supply the testis and epididy- 
mis. They enter the spermatic cord at the deep 
inguinal ring and continue along the posterior sur- 
face of the testis, penetrating the tunica albuginea 
and forming the capsular arteries, coursing through 
the tunica vasculosa located beneath the tunica 
albuginea [1]. Centripetal branches arising from 
the capsular arteries carry blood toward the medias- 
tinum, dividing to form the recurrent rami that 
carry blood away from the mediastinum into the 
testis |1]. A transmediastinal artery branch of the 
testicular artery occurs in approximately one half 
of normal testes | 18]. It courses through the medi- 
astinum to supply the capsular arteries and is 
usually accompanied by a large vein [1,5]. The 
deferential artery, a branch of the superior vesicle 
artery, and the cremasteric artery, a branch of the 
inferior epigastric artery, supply the epididymis, 
vas deferens, and peritesticular tissue (Fig. 4) [19]. 
Branches of the pudendal artery supply the scrotal 
wall [20]. The spectral waveform of the intratesticu- 
lar arteries characteristically has a low-resistance 
pattern, with a mean resistive index of 0.62 (range, 
0.48-0.75) [12,21]. This observation is not true for 
a testicular volume of less than 4 cm’, as is often 
found in prepubertal boys, when diastolic arterial 


flow may not be detectable [22]. Color Doppler 
US can demonstrate blood flow in a normal epidid- 
ymis. The resistive index of a normal epididymis 
ranges from 0.46 to 0.68 [23]. 

The testicular veins exit from the mediastinum 
and drain into the pampiniform plexus, which 
also receives venous drainage from the epididymis 
and scrotal wall. These vessels join together, pass 
through the inguinal canal, and form single testicu- 
lar veins, which drain the vena cava on the right side 
and the left renal vein on the left side [13]. 


Malignant testicular neoplasms 


Testicular cancer accounts for about 1% of all can- 
cers in men and is the most common malignancy 
among 15- to 34-year-olds [3]. It was estimated 
that 7200 new cases of testicular cancer were 
diagnosed in the United States in the year 2001 
[24]. Testicular cancer is 4.5 times more common 
in white men than in black men [25]. There are 
some positive associations with testicular carci- 
noma: prior testicular tumor, positive family his- 
tory, cryptorchidism, infertility, and intersex 
syndromes (gonadal dysgenesis, true hermaphro- 
ditism, and pseudohermaphroditism) [3]. Patients 
who have cryptorchidism have 2.5 to 8 times 
more risk for developing a testicular cancer [26]. 
Testicular microlithiasis is another risk factor for 
developing testicular cancer and a recent study 
showed a 21.6-fold increased relative risk for carci- 
noma in patients who have testicular microlithiasis 
[27]. These issues are discussed later in this article. 

The peak prevalence of testicular tumors occurs 
in the 20- to 35-year-old age group. The other peaks 
occur in infancy and greater than age 50 [28]. Each 
peak corresponds to specific tumor types |28] 
which are shown in Box 1. 

Although the most common symptom of testi- 
cular cancer is a lump or painless swelling of the 
testis, it can present with pain because of associated 
hemorrhage or infection |1]. Testicular tumors are 
prone to hemorrhage, which can obscure the pri- 
mary mass |28]. Disproportionate testicular hem- 
orrhage following minor scrotal trauma should 
prompt the examiner to consider the diagnosis of 
an underlying tumor |28]. Ten percent of patients 
who have testicular cancer present with acute symp- 
toms, such as fever and pain (usually diagnosed as 
epididymo-orchitis), whereas 10% are detected 
following trauma and 10% are detected after 
presenting with complaints related to metastatic 
disease |1,20,29|. Seminomas and testicular lym- 
phomas may cause orchitis secondary to ob- 
struction of the seminiferous tubules [1,28]. 
Some patients may have normal or small testes at 
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Fig. 4. Mixed germ cell tumor of testis with retroperitoneal adenopathy. Transverse gray-scale (A) and corre- 
sponding longitudinal color flow Doppler (B) sonograms of the left testis demonstrate two predominantly hy- 
poechoic lesions (arrows) with mild internal vascularity. Corresponding contrast-enhanced CT of the abdomen 
(C) at the level of the renal hilum demonstrates two retroperitoneal lymph nodes (arrowheads) at the renal hi- 


lum on the ipsilateral side. 


presentation because of tumor regression, necrosis, 
and scarring (so-called “burned-out” germ cell tu- 
mors) [30]. This subgroup of patients, along with 
those who have an aggressive histologic tumor 
type, may present with metastases [31]. A small 


Box 1: Most commonly encountered tumor 
types according to specific age peaks 


Infancy 
Embryonal carcinoma 
Teratoma 


Ages 20 to 35 
Seminoma 
Embryonal carcinoma 
Teratoma 
Teratocarcinoma 


Greater than age 50 
Lymphoma 

Metastases 

Spermatocytic seminomas 


portion of patients who have hormonally active tu- 
mors may present with endocrine abnormalities, 
such as gynecomastia [3]. 

Gray-scale US is almost 100% accurate for detect- 
ing testicular tumors [32,33]. The main role of US 
examination is to distinguish intratesticular from 
extratesticular lesions, because most extratesticular 
masses are benign and intratesticular masses are 
more likely to be malignant [28]. US does not pro- 
vide the histologic and morphologic diagnosis |1]. 
The most common mimics of malignancy are 
hematomas, orchitis, abscesses, infarction, and 
granuloma |1]. It is thus important to know 
patients’ clinical histories and correlate their US 
findings for the diagnosis and to avoid unnecessary 
intervention [1]. Sometimes a follow-up US 
may be required to rule out a tumor or for exact 
diagnosis. 

Color Doppler and power Doppler US may 
demonstrate increased vascularity in the malignant 
tumors and help to better define testicular invol- 
vement [34]. It may be difficult to demonstrate 
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increased blood flow in small tumors (<2 cm), and 
the presence of hypervascularity is not specific for 
a diagnosis of malignancy |1]. In addition, there 
is no strong correlation between tumor type or his- 
tologic stage and Doppler findings [28]. Color 
Doppler may be useful in the pediatric population, 
in whom tumors may be subtle by gray-scale US but 
tend to be hypervascular by color Doppler imaging 
[35]. 

Malignant testicular tumors are divided into two 
main groups: germ cell tumors and non-germ cell 
tumors. The classifications of the most common 
testicular neoplasms are listed in Box 2. 


Germ cell tumors 


Some 90% to 95% of testicular neoplasms have 
germ cell origins arising from spermatogenic cells. 
They are almost always malignant. Non-germ cell 
tumors of the testis arise from the sex cords (Sertoli 
cells) and stroma (Leydig cells), which are malig- 
nant in only 10% of cases [3,30]. Germ cell tumors 
can be subdivided into two groups: seminomatous 
and nonseminomatous tumors. This distinction is 
important for treatment and prognosis |1]. 
Metastatic spread of germ cell tumors is by way 
of either lymphatic or hematogenous routes. 
Except for choriocarcinoma, which has early hema- 
togenous spread, most of the germ cell tumors 
spread first by way of the lymphatics rather than 


Germ cell tumors 
Seminomatous germ cell tumors (seminoma) 
Nonseminomatous germ cell tumors 
Embryonal carcinoma 
Yolk sac tumor (Endodermal sinus tumors) 
Teratoma 
Choriocarcinoma 
Mixed germ cell tumors 
Embryonal carcinoma plus teratoma 
(teratocarcinoma) 
Choriocarcinoma and other cell types 
Regressed or burned-out germ cell tumors 


Sex cord-stromal tumors 
Leydig cell tumor 

Sertoli cell tumor 
Gonadoblastoma 
Granulosa cell tumor 
Theca cell tumor 


Lymphoma 
Leukemia 
Metastases 
Tumor-like lesions 


hematogenously [30]. Direct extension through 
the tunica albuginea with the scrotal skin involve- 
ment is a rare and late finding [3]. 

Testicular lymphatic drainage follows the testi- 
cular veins [30]. Although the interaortocaval chain 
at the second lumbar vertebral body is the first- 
echelon node for the right testis, the left paraaortic 
nodes, in an area bounded by the renal vein, aorta, 
ureter, and inferior mesenteric artery, are the first- 
echelon nodes for the left testis [30,36,37]. Some 
crossover of lymphatic involvement can occur fol- 
lowing the normal drainage pattern to the cisterna 
chyli and thoracic duct [30]. Tumor can spread 
from the thoracic duct to the left supraclavicular 
nodes and then to the lungs. Left-to-right crossover 
is rare [30,36,37]. If the tumor volume increases, 
the common, internal, and external iliac nodes 
may be involved. Tumor within the epididymis 
can spread directly to the external iliac nodes. Dir- 
ect spread to the inguinal nodes is seen in patients 
who have skin involvement [30]. 

Hematogenous metastases can occur in the late 
phase of germ cell tumors, except for choriocarci- 
noma. The most common metastases of germ cell 
tumors are lung, liver, brain, and bone [38]. Brain 
metastases are predominantly common with chori- 
ocarcinoma |3]. Germ cell tumor metastases may 
have different histologic characteristics than those 
of the primary testicular lesion; this indicates the 
totipotential nature of the germ cells [3]. 

Some tumor markers are important for the diag- 
nosis, staging, prognosis, and follow-up of germ 
cell tumors. In the presence of a palpable testicular 
mass, an elevated serum level of tumor markers 
increases confidence of diagnosis. Many tumor 
markers have been identified for use with testicular 
neoplasms, but only a-fetoprotein (AFP) and f- 
human chorionic gonadotropin (B-HCG) have 
demonstrated clinical usefulness [28]. AFP is a gly- 
coprotein and synthesized in the fetal liver, yolk sac, 
gastrointestinal tract, and occasionally the placenta 
[28]. AFP is not elevated in pure seminomas and is 
elevated in yolk sac tumors and mixed germ cell 
tumors with yolk sac elements [30]. Other causes 
of AFP elevation include hepatocellular carcinoma, 
some gastrointestinal malignancies, hepatitis, and 
regenerating hepatic necrosis [39]. HCG is also 
a glycoprotein produced by the syncytiotropho- 
blasts of the placenta, and its level is elevated in tu- 
mors containing syncytiotrophoblasts (seminomas 
or choriocarcinoma) |30|. The B-HCG is markedly 
elevated in choriocarcinoma because of the larger 
number of syncytiotrophoblasts | 28}. 

Numerous staging systems are present for testi- 
cular tumors. In clinical practice, patients are often 
classified as having low-stage or advanced-stage 
disease |37]. If the tumor is limited to the testis, 


epididymis, or spermatic cord and mild to moder- 
ate adenopathy is present, the patient has a low- 
stage disease. If the tumors invade the scrotal wall 
and significant retroperitoneal adenopathy or vis- 
ceral metastases are present, the patient has an 
advanced-stage disease |37|. A different simple 
form of staging based on clinicopathologic findings 
proposed by Catalona states: if the tumor is con- 
fined to the testis, stage I; if subdiaphragmatic 
lymph node metastases are present, stage II; if hem- 
atogenous or supradiaphragmatic lymph node 
metastases are present, stage III [28,40]. 


Seminomatous tumors (seminoma) 


Seminoma is the most common pure germ cell 
tumor and accounts for 40% to 50% of all germ 
cell tumors [1,28]. Thirty percent of mixed germ 
cell tumors contain foci of seminoma [28]. Semi- 
nomas occur most often in the fourth and fifth de- 
cades of life with an average patient age of 40.5 
years, and almost never occur in infants | 1,41]. Ap- 
proximately 15% of patients who have seminoma 
have a history of cryptorchidism. It is the most com- 
mon germ cell tumor associated with cryptorchid 
testis [1,28]. Seminomas are also commonly found 
in patients who have testicular microlithiasis 
[1,27]. The right testis is more commonly affected 
[28]. About 75% of patients present with the dis- 
ease limited to the testis, whereas 20% have retro- 
peritoneal adenopathy and 5% have extranodal 
metastases [3,30]. 

The AFP level is always normal in patients who 
have pure seminomas [1,28,42]. If a patient has 
elevated AFP with seminoma histology, the tumor 
is treated as nonseminomatous |1]. Serum B-HCG 
levels are also normal unless syncytiotrophoblasts 
are present, which constitutes about 7% of cases 
[28]. A different study showed that 83% of patients 
who have seminomas have elevated B-HCG levels 
[43]. Seminomas are responsive to radiation ther- 
apy and chemotherapy, and have the best prognosis 
among the germ cell tumors, with reported cure 
rates of 95% to 100% for all stages [26,28]. 

There are three pathologic subtypes of semino- 
mas: typical (classic) seminomas (85% of the total 
cases), anaplastic (5%-10%), and spermatocytic 
(4%-6%). Spermatocytic seminomas occur usually 
in men in their 60s and 70s, associated with an 
excellent prognosis |1]. Spermatocytic seminoma 
is bilateral more often than classic seminoma and 
metastases are practically nonexistent [44]. All sub- 
types of seminomas produce bulky masses, usually 
involving more than 50% replacement of the entire 
testicle |28]. The entire testis is replaced by the 
tumor in more than half the cases | 1}. 

Seminomas may present as small, well-defined 
lesions to large masses almost replacing the entire 
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testicle (Fig. 5) [30]. On gray-scale US examination, 
seminomas classically appear as a homogenous 
hypoechoic mass, which corresponds to the 
smooth uniform appearance of the gross specimen 
|1]. The vast majority (85%) of pure seminomas are 
strongly hypoechoic and 70% of cases have a pre- 
dominantly homogenous texture without dense 
echogenic foci [4]. Ten percent of seminomas pres- 
ent with small cystic areas [4], which corresponded 
to the dilated rete testis caused by tumor-related 
occlusion and liquefaction necrosis [45]. A diffuse 
texture change may also be seen secondary to semi- 
nomatous infiltration |46]. Larger tumors may be 
heterogeneous. Lobulated or multinodular semino- 
mas can also occur, but these nodules are usually in 
continuity with one another and true multifocal 
nodules are rarely seen [30]. Seminomas are mostly 
confined by the tunica albuginea and rarely extend 
to peritesticular structures |1]. Gross invasion of the 
spermatic cord or tunica albuginea should prompt 
consideration of another tumor type, particularly 
lymphoma [|28]. 

Color or power Doppler US can be used to 
demonstrate vascularity of tumors. A previous color 
Doppler study showed increased vascularity in 95% 
of primary testicular tumors larger than 1.6 cm in 
diameter and hypovascularity in 86% of those 
smaller than 1.6 cm in diameter [34]. Although 
there is no correlation between vascularity and 
type or histologic stage of tumors, color Doppler 
US and power Doppler US in particular are useful 
tools for demonstrating vascularity of lesions. 3-D 
power Doppler US is an excellent alternative 


Fig. 5. A 21-year-old male who has surgically con- 
firmed testicular seminoma. Longitudinal gray-scale 
sonogram of the testis shows an enlarged heteroge- 
nous hypoechoic testis, consistent with a large tumor 
replacing the entire testicle. 
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technique for displaying the vascularity of lesions 
(Fig. 6). 


Nonseminomatous tumors 


Nonseminomatous germ cell tumors (NSGCTs) oc- 
cur most often in men in their 30s. Multiple histo- 
logic patterns are seen in 40% to 60% of these cases 
[28]. The ultrasonographic and macroscopic appe- 
arance of tumors with a multihistologic pattern 
depends on the proportions of each component 
{1]. Sonographically, they may have a heteroge- 
neous echotexture (71%), irregular or ill-defined 
margins (45%), and cystic components (61%) [4]. 
Echogenic foci represent areas of hemorrhage, calci- 
fication, or fibrosis | 1|. A true cyst with an epithelial 
lining suggests a teratoma component; otherwise, 
the cysts usually represent a dilated rete testis or 
an area of necrosis | 4]. 


Embryonal carcinoma 

Embryonal carcinoma occurs in a younger popula- 
tion than seminoma, usually between 25 and 35 
years [30]. They are the most common (approxi- 
mately 87%) component of mixed germ cell tumors 
and are usually associated with teratomas (terato- 
carcinoma) [3,28]. It is the second most common 
histologic type of testicular tumor after seminoma 
[3,30]. Embryonal carcinomas are more aggressive 
than seminomas and usually smaller than semino- 
mas at the time of presentation. They do not cause 
enlargement of the scrotum [1,30]. The AFP and 
B-HCG levels are elevated in 60% and 70% of 
patients, respectively |28|. Unlike seminomas, inva- 
sion of the tunica albuginea and extension into the 


epididymis can occur in approximately 20% of 
cases, causing contour distortion of the testis |26, 
28]. On US examination, embryonal carcinomas 
are predominantly hypoechoic lesions with poorly 
defined margins and a heterogeneous echotexture 
(Fig. 7) [1,47]. Twenty percent of embryonal carci- 
nomas and 89% of teratocarcinomas have cystic 
components |1]. 


Yolk sac tumor (endodermal sinus tumors) 
These tumors account for 80% of childhood test- 
icular neoplasms [48]. They occur most often in 
children less than 2 years of age and exclusively pro- 
duce AFP (more than 90% of cases) [3,11,41]. Pure 
yolk sac tumors are rare in adults and the presence 
of any yolk sac tumor element in an adult mixed 
tumor indicates a poor prognosis |1,28,30]. The 
US appearances of yolk sac tumor are nonspecific; 
they are usually inhomogeneous and may contain 
echogenic foci secondary to hemorrhage, or hypo- 
echoic areas attributable to necrosis | 1,11]. 


Teratoma 

Teratoma is the second most common testicular 
neoplasm in children, occurring in children less 
than 4 years of age |1,11,30]. They are classified as 
mature or immature forms. Pure teratomas are 
rare (2% to 3% of testicular neoplasms) in adults, 
but teratomatous components occur in more than 
50% of all adult cases of mixed germ cell tumors 
[3,28]. Serum AFP level is elevated in 38% of 
patients and the B-HCG level is elevated in 25% 
of cases |28]. Metastases can be observed in one 
third of patients who have teratoma at the initial 


Fig. 6. Surgically confirmed testicular seminoma. Longitudinal gray-scale sonogram (A) shows a hypoechoic, 
slightly heterogenous solid mass that involves the entire testis. (B) Corresponding power Doppler and 3-D power 
Doppler sonogram reveals increased vascularity of the lesion. 
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7. Surgically confirmed embryonal carcinoma with tumor necrosis. Longitudinal gray-scale (A) and corre- 


sponding power Doppler (B) sonograms of the right testis demonstrate a heterogeneous, predominantly 


hypoechoic mass (arrows) involving the testis. 


presentation [28]. Mature teratomas in children are 
usually benign, even if they are histologically 
immature, but may undergo malignant transfor- 
mation in adults and can metastasize, irrespective 
of histologic characteristics [1,28,30]. Teratomas 
contain all three germ cell layers: endoderm, 
mesoderm, and ectoderm [1,3]. At gray-scale US, 
teratomas tend to be very large and markedly inho- 
mogeneous masses. Cystic components are more 
common than other NSGCTs and may appear an- 
echoic or ie a depending on the cyst contents 
(Fig. 8) [29,30]. Echogenic foci may or may not 
shadow, representing calcification, cartilage, imma- 
ture bone, and fibrosis [1,30]. A diffuse parenchy- 
mal texture change with ‘broad bands of dense 
echogenic foci associated with an acoustic shadow 
may also be seen with teratomas [46]. 


Choric inoma 

Choriocarcinoma is a highly malignant rare testicu- 
lar tumor. Although its pure form is seen in less 
than 1% of patients, it is seen as microscopic foci 
in 16% of mixed germ cell tumors [1,30]. Its peak 
incidence is in the third to fourth decade of life. 
The B-HCG level is always elevated because of the 
presence of a large number of syncytiotrophoblasts 
that may cause associated gynecomastia | 
Choriocarcinoma has the worst prognosis of any 
of the germ cell tumors, with death usually 
occurring within 1 year of diagnosis [30]. Micro- 
scopic vascular invasion and early hematogenous 
metastasis are common |1]. The primary tumor 
and metastases are usually hemorrhagic [30]. Sono- 
graphically, choriocarcinomas are heterogeneous 
and show extensive hemorrhagic necrosis in the 


28,30]. 
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3. Teratoma (immature and mature). Longitudinal gray-scale sonogram (A) of the left testis demonstrates 


a a large heterogeneous mass with multiple cystic components and areas of calcification (arrowheads). It was sur- 
gically confirmed to be an immature testicular teratoma. Longitudinal gray-scale sonogram (B) of the left testis 
demonstrates a large septate cystic lesion with two solid nodules (arrows) within; surgically confirmed to be 


a mature cystic testicular teratoma. 
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central portion of men tumor with a mixed cystic and 
solid appearance |1,28]. Testicular enlargement is 
seen because of Ana a hemorrhage rather 
than because of the tumor itself [28]. 


These tumors contain more than one germ cell 
component. They constitute about 40% to 60% of 
all germ cell tumors [28,30]. Any combination of 
cell type can be observed. Embryonal carcinoma is 
the most common component and the most 
common combination is teratoma and embryonal 
carcinoma (teratocarcinoma) [28,30]. This tumor 
is usually the largest of all testicular tumors [28]. 
Patients who have mixed germ cell tumors present 
at an average age of 30 years |3|. Tumors may con- 
tain foci of calcification, hemorrhage, or cysts, and 
sonographic appena A on the dominant 

component (Fi 


These tumors occur secondary to rapid tumor 
growth and result in the tumor outstripping its 
blood supply, with subsequent tumor regression 
[1]. In this rare entity, the patient may present 
with widespread metastases, mostly attributable 
to teratocarcinoma or choriocarcinoma, even 
though the primary tumor has involuted [30]. 
Histologic evaluation reveals presence of fibrosis 
and scar tissue with no tumor cells [1,49]. At 
US, these primary tumors have a variable appear- 
ance. They are usually small and can be hypoe- 
choic, hyperechoic, or an area of calcification 
[1,30]. In a recent study, burned-out tumors 
were reported to present as an area of calcification 
5 mm in diameter or as microlithiasis in an atro- 
phic testis, and poorly circumscribed hypoechoic 
and hyperechoic areas, the latter being more fre- 
quent [50]. 


ig. 9. Mixed germ cell tumor of the testis. Longitudinal gray-scale sonogram (A) and extended field of view 
image (B) of testis reveal a large heterogeneous mass with some cystic necrotic areas, pathologically confirmed 
to be a mixed germ cell tumor (mature teratoma plus yolk sac tumor). Corresponding power Doppler sonogram 
(C) shows marked vascularity within the solid areas of the lesion. Transverse color flow Doppler sonogram of the 
abdomen (D) in the same patient revealed hypoechoic lymphadenopathy anterior to the aorta and inferior vena 


cava. 


Sex cord-stromal tumors 


Most non-germ cell tumors are sex cord-stromal 
tumors, representing 4% of all testicular tumors 
| 1,30]. The prevalence is higher in the pediatric age 
group. Non-germ cell tumors constitute 10% to 
30% of all testicular neoplasms [48]. These tumors 
are usually benign (more than 90% of the cases), 
but even tumors without aggressive histologic fea- 
tures may metastasize |3]. They are typically small 
and are usually discovered incidentally. Their US 
appearances are not specific, but they may appear 
as well-defined hypoechoic masses |1]. Types of 
sex cord—stromal tumors include Leydig cell tumors 
and Sertoli cell tumors, among others. 


Leydig cell tumor 


These tumors are usually seen in boys older than 4 
years, or in men between the ages of 20 and 50 [28]. 
They constitute about 3% of all testicular tumors 
and are the most common type of sex cord-stromal 
tumors |1,3,51]. Secretion of androgens or estro- 
gens by the tumor leads to endocrinopathy in about 
30% of patients, which includes gynecomastia 
(most common), precocious puberty, and decrea- 
sed libido |3,30|. This tumor can present as small 
nodules or large masses up to 10 cm. About 10% 
of cases have bilateral tumors [28]. Histologically, 
a rectangular eosinophilic cytoplasmic inclusion, 
the Reinke crystal, is characteristic and present in 
33% of cases [28]. Approximately 10% of Leydig 
cell tumors are malignant, and patients who have 
malignant tumors are likely to be older, with 
symptoms of shorter duration and an absence of 
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endocrine manifestations [1,51]. Malignant tumors 
are usually larger and may spread beyond the testis 
with an infiltrative margin [52]. In a recent US 
study, Leydig cell tumors were mostly observed as 
small tumors less than 1 cm, with a homogeneous 
hypoechoic appearance without discernible calcifi- 
cation (Fig. 10) [51]. In addition, the prominent 
peripheral and circumferential blood flow and the 
lack of internal vascularity are reported in Leydig 
cell tumors by color and power Doppler US [51]. 
A hyperechoic Leydig cell tumor with a prominent 
feeding artery has been reported, but this is an un- 
usual feature for this tumor [53]. Leydig cell tumors 
may also be associated with Klinefelter syndrome, 
and an intrinsic Doppler signal may be observed 
in these cases [51]. 


Sertoli cell tumor 


Sertoli cell tumors are rare and constitute less than 
1% of testicular tumors [30]. There are three histo- 
logic types of Sertoli cell tumors: Sertoli cell tumor 
not otherwise specified, sclerosing Sertoli cell tu- 
mor, and large cell calcifying Sertoli cell tumor 
[1,29]. The large cell calcifying type is mostly seen 
in children and manifests as multiple and bilateral 
masses with large calcifications [30,54]. It is un- 
usual to have sufficient hormonal production to in- 
duce clinically apparent endocrinologic changes 
[28]. Malignant lesions (less than 10% of cases) 
are more likely associated with gynecomastia |55]. 
At US, Sertoli cell tumors are typically seen as uni- 
lateral, small, hypoechoic, well-defined masses 
[28,30]. 


Fig. 10. Surgically confirmed Ley- 
dig cell tumor. Longitudinal gray- 
scale (A) and color flow Doppler 
(B) sonograms of the right testis 
demonstrate presence of a well- 
defined hypoechoic lesion (arrow) 
with abundant circumferential 
vascularity. 
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Other sex cord-stromal tumors 


These tumors are rare and include granulosa cell 
tumors (juvenile and adult), fibroma-thecomas, 
and mixed sex cord-stromal tumors |1,30]. Granu- 
losa cell tumors can appear as a hypoechoic mass 
with few internal echoes. The juvenile type has 
been described as having a “Swiss cheese” sono- 
graphic appearance with solid and cystic areas 
[56]. Gonadoblastoma contains both sex cord- 
stromal elements and germ cells; it is almost always 
seen in patients who have dysgenic gonads and an 
intersex syndrome. Eighty percent are phenotypi- 
cally female [1,3]. 


Lymphoma 


Lymphoma accounts for 5% of all testicular tumors 
and is the most common bilateral testicular tumor, 
but testicular lymphoma occurs in less than 1% of 
patients who have lymphoma [57]. They occur in 
older people and are the most common testicular 
neoplasms in men more than 60 years of age, 
accounting for 50% of cases [30,57,58]. The most 
common type of lymphoma involving the testis is 
diffuse large B-cell lymphoma [1,28,59]. Bilateral 
tumors are seen in 38% of patients, but metachro- 
nous lesions are more common than synchronous 
[3]. Testicular lymphoma is locally aggressive and 
can typically infiltrate the epididymis, spermatic 
cord, or scrotal skin [59,60]. At US, normal 
homogeneous testis is replaced focally or diffusely 
with hypoechoic vascular lymphomatous tissue 
and usually demonstrates increased intralesional 
blood flow regardless of tumor size (Fig. 11) [61]. 


Homogeneous hypoechoic testis multifocal 
hypoechoic lesions of various sizes, and striated 
hypoechoic bands with parallel hyperechoic lines 
radiating peripherally from the mediastinum testis 
have also been described | 1,59|. Lymphomatous in- 
volvement of the epididymis can cause it to become 
enlarged and hypoechoic; however, the testicular 
component is usually more extensive than the epi- 
didymal component [59]. Testicular lymphoma 
carries a worse prognosis than its nodal counter- 
part, with a 5-year survival rate of about 12% and 
a median survival time of less than 12 months [57]. 


Leukemia 


Primary leukemia of the testis is rare. Testes may be 
a sanctuary organ for hematologic malignancies, 
such as leukemia and lymphoma [61]. The 
blood-testis barrier prevents the accumulation of 
chemotherapeutic drugs within the testes [61,62]. 
Leukemic infiltration to the testis has been found 
at autopsy in 40% to 65% of patients who have 
acute leukemia and in 20% to 35% of patients 
who have chronic leukemia [1,29]. Leukemic 
involvement of the testis is clinically apparent in 
approximately 8% of children who have acute lym- 
phocytic leukemia but is rare in adults [29,61,62]. 
Because chemotherapy does not completely elimi- 
nate leukemic tumor cells from the testes, any pa- 
tient who has a testicular mass found during the 
course of leukemia should undergo cytologic or his- 
tologic evaluation | 1]. Leukemia diffusely infiltrates 
the testis and may produce an enlarged hypoechoic 
testis (Fig. 12) [34]. Unilateral testicular enlarge- 
ment with normal echogenicity can also be seen 


LT LO MID 


Fig. 11. A 67-year old male who has surgically confirmed B-cell lymphoma of testis. Transverse gray-scale sono- 
grams (A) of the right and left testis show an enlarged hypoechoic left testis and a normal right testis. Corre- 
sponding color flow Doppler sonogram (B) of the left testis shows increased vascularity, consistent with 


lymphomatous infiltration of the left testis. 
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Fig. 12. Leukemic infiltration of testis. Longitudinal gray-scale (A) and color flow Doppler (B) sonograms of the 
testis demonstrate a hypoechoic testis with increased vascularity; pathologically confirmed to be diffuse leuke- 
mic infiltration of the testis in this patient with known history of leukemia. 


and color Doppler with increased vascularity is 
helpful to demonstrate leukemic infiltration [35]. 


Metastases and other rare tumors 


Testicular metastases are rare (with an incidence of 
0.68%); the most common primary tumors to me- 
tastasize to testis are prostate (35%), lung (19%), 
malignant melanoma (9%), colon (9%), and kid- 
ney (7%) [29,63]. Many other tumors may rarely 
metastasize to the testis, such as neuroblastoma. 
Their sonographic appearances are nonspecific, 
and differentiating other primary testicular tumors 
is difficult [64]. Plasmacytoma of the testes also 
has been reported [29]; 2% of multiple myelomas 
may involve the testis. Plasmacytomas appear as 
heterogeneous hypoechoic masses that show 
marked hypervascularity in power Doppler mode 
[65]. Carcinoid tumor is an extremely rare tumor 
of the testis and accounts for less than 1% of all 
testicular neoplasms. At US, carcinoids appear as 
solid, well-defined, hypoechoic, hypervascular in- 
tratesticular masses, and may contain dense calcifi- 
cation |66]. Primary adenocarcinoma of the rete 
testis is a rare, highly malignant tumor originating 
in the mediastinum of the testis. US may reveal 
nonspecific multiple hypoechoic lesions in the tes- 
tis [67]. Primary osteosarcoma of the testis also has 
been reported as a large, heavily calcified testicular 
mass |68]. Another rare testicular tumor is leiomyo- 
ma; its sonographic appearance has been reported 
as a predominantly hypoechoic lesion with areas 
of hyperechogenicity and moderate vascularity on 
color Doppler sonography [69]. 


Testicular microlithiasis 


Testicular microlithiasis is an uncommon condi- 
tion, occurring in 0.6% of patients referred for scro- 
tal sonography |70]. At US, testicular microlithiasis 
appears as multiple small nonshadowing hypere- 
chogenic foci measuring 1 to 3 mm in diameter 
[1,71]. They occur within the testicular parenchyma 
and are randomly scattered; five or more foci per 
transducer field in one testis is an accepted diagnos- 
tic criterion for testicular microlithiasis (Fig. 13) 
[1,27,71| Several associations have been reported 
with this entity, including Klinefelter’s syndrome, 
cryptorchidism, Down's syndrome, male pseudo- 
hermaphroditism, pulmonary alveolar microlithia- 
sis, previous radiotherapy, subfertility states, and, 
most importantly, testicular carcinoma |1,27,30]. 
Testicular microlithiasis is usually a bilateral condi- 
tion, except in cases of cryptorchidism | 1,27,28,72]. 
Testicular microlithiasis has been associated with 
testicular neoplasia in 18% to 75% of cases |72], 
with the largest series reporting a frequency of 
40% [28]. A recent study showed a 21.6-fold in- 
creased relative risk for carcinoma in patients who 
have testicular microlithiasis [27]. Because of these 
high associations and risks, annual US follow-up is 
recommended for at least several years after the 
diagnosis [27,72]. 


Undescended testis with seminoma 


Cryptorchidism is defined as complete or partial 
failure of the intra-abdominal testes to descend 
into the scrotal sac |1]. Cryptorchidism is present 
in about 6% of full-term neonates and 0.8% of 
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Fig. 13. Testicular microlithiasis. Longitudinal gray-scale sonogram (A) of the right testis shows multiple punctate 
echogenic foci consistent with microlithiasis. (B) Longitudinal gray-scale sonogram of the right testis in another 
patient reveals testicular microlithiasis with multiple hypoechoic masses (arrows); surgically confirmed to be 


testicular seminomas. 


infants at age 1 year. It can be bilateral in 10% of 
patients [48,73]. An undescended testis appears 
hypoechoic with US, and a mediastinum testis 
should be identified for confident diagnosis [73]. 
Undescended testis is a risk factor (2.5- to 8-fold) 
for the development of a seminoma (Fig. 14) 
[26,73]. Although the overall incidence of cryptor- 
chidism is low (<1%), a history of undescended tes- 
tis is present in 3.5% to 14.5% of patients who have 
testicular tumors [3]. Risk for testicular carcinoma 
is not limited to the undescended testis only, but 
extends to the contralateral testis, even if it is 


Left inguinal-region 


Fig. 14. Surgically confirmed seminoma in an unde- 
scended testis. Transverse power Doppler sonogram 
of the inguinal region shows a well-defined, heterog- 
enous, predominantly hypoechoic solid mass with 
some peripheral vascularity, consistent with a tumor 
within a cryptorchid testis. 


normally descended [3,73]. Cryptorchidopexy 
does not alter the risk for developing a carcinoma 
[73]. 

The risk for carcinoma increases with the degree 
of ectopy, with a patient who has an intra-abdomi- 
nal testis being at highest risk. Most of these tumors 
are seminomas |3]. Demonstration of a testicular 
vein draining into the left renal vein or inferior 
vena cava originating from a pelvic mass can help 
diagnosis of the testicular origin of a pelvic mass 


[74]. 


Benign tumors and tumor-like lesions 


Epidermoid cyst of the testis is a benign tumor 
composed of pure ectodermal elements that can 
only be differentiated from teratoma by histologic 
examination [1,28]. They constitute 1% of testicu- 
lar tumors with a peak incidence i in the second to 
fourth decades of life [1,28,30]. At US, they appear 
as well-circumscribed cystic masses with a few 
low-level internal echoes or as a solid-appearing 
1- to 3-cm mass with a hyperechoic rim. Concentric 
hypoechoic and hyperechoic rings or an “onion- 
skin” appearance has been described as characteris- 
tic, but pa pathognomonic, of epidermoid cysts 
{1,28,30,75]|. Color or pulsed Doppler US dem- 
onstrates no flow within the cyst [1,75]. 

Many nonneoplastic conditions, such as orchitis, 
hemorrhage, scar tissue attributable to prior biopsy, 
and ischemia or infarction, may appear as a testicu- 
lar mass and mimic testicular neoplasms (Figs. 15 
and 16). Focal orchitis appears as an ill-defined hy- 
poechoic lesion with increased vascularity (Fig. 17 
|1]. Hematoma appears avascular at color Doppler 
US |1]. Their clinical history is important for correct 
diagnosis; most of them present with an acute 


Testicular infarct. Transverse color Doppler 
sonogram shows an avascular hypoechoic lesion 
(arrow), surgically confirmed to be a focal infarct. 


scrotum. Sometimes follow-up US is required to 
differentiate tumoral lesions from other lesions. 

Granulomatous orchitis mimics testicular tu- 
mors; many pathogens, such as tuberculosis, syphi- 
lis, fungi, and parasites, may cause a granulomatous 
orchitis [30]. They tend to involve the epididymis 
more commonly than the testis, and an isolated 
testicular mass is unusual Gray-scale US 
demonstrates an irregular hypoechoic infiltration 
of the testis, with increased blood flow at the periph- 
ery of the lesion but no flow into the lesion ( ). 
It cannot be reliably distinguished from malignancy 
and a final diagnosis can only be confirmed with 
specimens from orchiectomy | | 


16. Testicular hematoma. Longitudinal gray-scale 
sonogram reveals a well-defined hypoechoic lesion 
consistent with a testicular hematoma in a patient 
having a history of testicular trauma about 10 days 
previously. Follow-up sonogram showed decrease in 
size (not shown). 


US Evaluation of Testicular Neoplasms 


17. Focal orchitis. Longitudinal oblique gray-scale 
sonogram of the left testis shows heterogeneous- 
appearing testis with a focal hypoechoic area (arrow) 
consistent with focal orchitis (clinically proven as 
nonspecific epididymoorchitis). 


Testicular adrenal rest tissue occurs in up to 29% 
of patients who have congenital adrenal hyperpla- 
sia [77]. Sonography usually reveals bilateral testic- 
ular masses located close to the mediastinum with 
posterior acoustic shadowing [78]. Color Doppler 
shows no flow within the lesion 

Sarcoidosis may involve the testis, but epididy- 
mal involvement is more common. Sarcoidosis of 
the testis is typically multiple small, bilateral, hypo- 
echoic masses . It is more common in 
African Americans than other racial groups 

Tubular ectasia of rete testis is a benign condition 
resulting in partial or complete obstruction of the 
efferent ducts, usually seen in men older than 55 
years |1]. They are located in or adjacent to the 
mediastinum testis and are composed of a series 
of dilated tubules. Gray-scale US reveals fluid-filled 
tubular structures that are avascular on color or 
power Doppler US. It is usually bilateral and asym- 
metric and mostly associated with an ipsilateral 
spermatocele ( ). 

Tunica albuginea cysts are usually palpable, 
peripherally located single or multiple anechoic 
lesions measuring 2 to 5 mm in size |1,80]. These 
cysts are believed to be mesothelial in origin 
They characteristically are located at the upper ante- 
rior or lateral aspect of the testicle . They can 
beunilocular or multilocular and sometimes calcify 


Simple cysts are detected incidentally in men 
older than 40 . Their size varies from 2 mm 
to 2 cm and they are usually solitary. They are 
located adjacent to the mediastinum testis and 
may be associated with extratesticular spermato- 
celes |] 
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Fig. 18. Granulomatous orchitis. Longitudinal gray-scale (A) and corresponding power Doppler (B) sonograms of 
the testis show a wedge-shaped hypoechoic lesion with prominent peripheral and some internal vascularity. Pa- 
tient underwent orchiectomy because of the concern for a malignancy, and it was confirmed to be granuloma- 


tous orchitis. 


Careful analysis should be performed to differen- 
tiate these cysts from cystic neoplasms, especially 
teratomas [30]. Presence of any solid components 
must raise the possibility of malignancy [30,45]. 
Other intratesticular cystic benign lesions are intra- 
testicular spermatocele, intratesticular abscess, and 
intratesticular varicocele; the latter has typical tubu- 
lar anechoic structures of varying size with a venous 
flow pattern [1]. Intratesticular arteriovenous 
malformation and hemangioma are other rare in- 
tratesticular benign lesions that have characteristic 
vascular patterns [81,82]. 


Summary 


Sonography is a useful imaging technique for iden- 
tifying location (intra- or extratesticular) of scrotal 
masses. Most solid intratesticular lesions are malig- 
nant. Sonographic appearance is not reliable for 


Fig. 19. Tubular ectasia of the rete testis. Longitudinal 
power Doppler sonogram of the testis reveals multi- 
ple avascular hypoechoic channels (arrow) on the 
posterior aspect of the testis, consistent with tubular 
ectasia of the rete testis. 


distinguishing benign from malignant testicular 
lesions, but certain sonographic features may help 
in the differentiation. The patient's age, race, and 
clinical history is useful for differential diagnosis 
and sometimes a follow-up US examination can 
help rule out many acute conditions mimicking 
testicular malignancy. 
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Scrotal and penile trauma is relatively uncom- 
mon, and imaging is frequently performed to assess 
the vascular integrity and severity of injury. The com- 
monest scrotal injury is sports related, followed by 
motor vehicle accidents, accounting for about 17% 
of injuries. Physical examination is adequate in 
evaluating superficial injuries, but ultrasound plays 
a significant role in evaluating the morphologic 
changes to the testis and penis. Color flow Doppler 
assesses the organ blood perfusion and localizes the 
vascular disruption, if any. Scrotal trauma can result 
in testicular rupture, fracture, dislocation, torsion, 
and hematocele. The major cause of penile injury 
is sex-related activity that results in penile fracture. 
This article discusses the role of sonography in 
scrotal and penile trauma and emphasizes the role 
of color and power Doppler and gray-scale imaging. 


Scrotal trauma: causes and mechanism 


Three percent to 10% of trauma patients have asso- 
ciated genitourinary tract injuries, with male genita- 
lia being particularly involved with associated 


Sonographic technique 
Penile injury: mechanism 
Summary 
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pelvic injuries. The mobility and elasticity of the 
scrotum and its contents and the laxity of skin pro- 
tect it from being injured in most cases of trauma. 
Nevertheless, scrotal contents can be injured when 
the scrotum is squeezed between the thighs or com- 
pressed against the pubic rami or by objects moving 
at high velocities {1,2|. Ultrasound can help in 
identifying the extent and type of injury so that tes- 
tes can be salvaged with an early exploration. 
Sports-related injuries are the leading cause of 
injuries to the scrotum. These injuries commonly 
include football injuries, hockey stick injuries, or 
falls during sports-related activities. Motor vehicle 
accidents are the second most common cause of 
scrotal injuries and are usually associated with coex- 
istent abdominal or, more commonly, pelvic in- 
juries. Direct assault to the scrotum is also one of 
the causes of scrotal injury. Gunshot wounds to 
the scrotum are on the rise, consistent with the in- 
creasing incidence of violence. These wounds are 
the predominant (and practically the only) type 
of penetrating injury to the scrotum. Other rare 
causes include genital self-mutilation and animal 
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bites. Constricting bands placed on the penis to 
prolong erection may at times result in injury to 
scrotal contents [3]. 


Sonographic features 


In the past, ultrasound was considered unreliable to 
assess scrotal injury [4]; however, with current 
improvements in ultrasound technology and the 
availability of higher-frequency transducers, this im- 
aging modality now provides a means of assessing 
the blood perfusion and the degree of injury to the 
testis and scrotal contents. Penetrating trauma to 
the scrotum is most often managed by exploration; 
however, not all patients who have scrotal injury 
require surgical exploration. Ultrasound helps in 
triaging such patients for surgical versus nonsurgical 
management. Ultrasound, with an excellent sensi- 
tivity and specificity for testicular evaluation, usually 
serves as a useful adjunct to physical examination 
for confirming clinical suspicion |5]; however, 
under no circumstances should a normal-looking 
sonogram preclude an exploration in the presence 
of a grossly abnormal physical examination. 

Sonographic appearances of scrotal trauma can 
be broadly classified into intratesticular and extra- 
testicular findings. A summary of sonographic 
findings in testicular trauma is presented in Box 1. 
The American Association for the Surgery of 
Trauma grading scale of scrotal injury is presented 
in Table 1. 


Intratesticular 


Contour abnormality 

The testis is bound externally by tunica albuginea 
(TA), which helps to maintain its shape and integ- 
rity [6]. TA is predominantly made of fibrous tissue 
and is very difficult to rupture. TA requires a very 


Contour abnormality of the testis 

Disruption of the tunica albuginea (evidenced 
by interruption of tunica vasculosa) 

Direct visualization of an intratesticular frac- 
ture line 

Extratesticular hematocele 

Intra- or extratesticular hematoma 
Heterogeneous appearance of the testis 
Hyperemia of the epididymis 


Note that any of these findings may be seen in 
isolation or in any combination. 


From Dogra V, Bhatt S. Acute painful scrotum. Radiol 
Clin North Am 2004;42(2):360; with permission. 


Table 1: 


AAST 
grade 


Organ injury scale for scrotal injury 


Scrotal injury 


Contusion 
Laceration <25% of 
scrotal diameter 
Laceration = 25% of 
scrotal diameter 
Avulsion <50% 
Avulsion = 50% 


Abbreviations: AAST, American Association for the 
Surgery of Trauma; AIS, Abbreviated Injury Scale. 

From Moore EE, Malangoni MA, Cogbill TH, et al. Organ 
injury scaling VII: cervical vascular, peripheral vascular, 
adrenal, penis, testis, and scrotum. J Trauma 1996;41: 
523; with permission. 


high force, as much as 50 kg of pressure, for its 
rupture to occur [3,7]. TA appears as two bright 
echogenic lines on high-frequency transducer so- 
nography. The disruption in the continuity of these 
bright lines identifies TA rupture (testicular rup- 
ture). This disruption in TA results in extrusion of 
testicular contents, appearing as a contour abnor- 
mality [6]. Disruption of tunica vasculosa is an in- 
direct sign of TA rupture. Fxtrusion of testicular 
contents through the ruptured tunica can be some- 
times seen as a focal bulge at the site of tunica rup- 
ture. Trauma resulting in rupture of TA also results 
in intratesticular injury, seen as altered echotexture 
of the testis. The presence of heterogeneous echo- 
texture and contour abnormality is considered 
very specific for testicular rupture (Fig. 1), and the 
patient should be taken for surgical exploration at 
the earliest opportunity [5,8]. There is a 50% 
chance of a testicular rupture in cases of blunt scro- 
tal trauma (unilateral in most cases; bilateral in 
about 1.5% cases) (Fig. 2) [9]. 

Testicular rupture may also be rarely associated 
with epididymal ruptures, which may at times be 
difficult to detect sonographically. 


Testicular fracture line 

Fracture lines are identified on ultrasound by the 
presence of a relatively linear hypoechoic area 
through the testicular parenchyma with absent 
vascularity (Fig. 3). Actual fracture lines through 
the testicle are seen in less than 20% of cases 
| 10, 11]. They may or may not be associated with tes- 
ticular rupture, and the TA may be intact around the 
testis. 


Intratesticular hematoma 

Intratesticular hematoma is a relatively common 
finding in blunt testicular trauma. These hemato- 
mas may be single or multiple, depending on the 
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Contour abnormality. Longitudinal gray-scale 
sonogram demonstrates a TA tear in the lower pole 
of the testis, giving rise to a contour abnormality 
(arrows). Heterogeneous intratesticular echotexture 
(asterisks) secondary to trauma is also seen. 


nature of injury. Large hematomas are usually asso- 
ciated with testicular ruptures and may sometimes 
be the only finding with an intact TA. Ultrasound 
can help exclude other findings such as tunica rup- 
ture and prevent unnecessary exploration because 
most patients who have a small intratesticular he- 
matoma are usually managed conservatively with 
ice packs, nonsteroidal anti-inflammatory drugs, 
and urologic and sonographic follow-up. Close 
follow-up of these patients is mandatory because 
40% of testicular hematomas result in testicular in- 
fection or necrosis, which often requires orchiec- 
tomy 

Sonographic appearance of intratesticular hema- 
tomas varies with the size and duration of the 


Scrotal and Penile Trauma 


hematoma. Acute hematomas may present as 
focal echogenic areas with absent vascularity, which 
later become organized and retracted to appear as 
septated or anechoic collections ( ) within 
the testis on ultrasound. Large hematomas involv- 
ing the entire testis may give a heterogeneous 
appearance to the entire testicle. Color flow 
Doppler ultrasound evaluation in these patients 
helps in assessing the potential viability of the 
testis. Testicular hematomas may be associated 
with an extratesticular hematocele and scrotal wall 
injuries. 

About 10% to 15% of testicular tumors present 
for the first time after an episode of scrotal trauma 

. Therefore, it is important to follow any intra- 
testicular abnormality seen on sonogram after 
trauma to its complete resolution, particularly if 
the testis is not explored, so that these tumors are 
not missed. 


Trauma-induced testicular torsion is a well-recog- 
nized entity, the incidence being 4% to 8% in 
most studies reporting on testicular torsion | 
Trauma can result in testicular torsion by stimulat- 
ing forceful contraction of the cremasteric muscles. 
Gray-scale and color flow Doppler evaluations are 
very helpful in demonstrating the morphologic 
alterations caused by trauma and in excluding 
testicular torsion Sonographic features of 
post-traumatic testicular torsion are similar to 
spontaneous torsion (Fig. 5) [6]. Early exploration 
in these patients may be helpful 


Testicular dislocation is a very rare event after 
testicular trauma and its diagnosis on ultrasound 
is even rarer. It may be easily missed unless the 


Bilateral testicular 
rupture. Longitudinal gray- 
scale images of the right 
(A) and left (B) testes dem- 
onstrate complete disrup- 
tion of TA (arrows) with 
accompanying hematocele 
(asterisk). 
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Fig. 3. Testicular fracture line. Color flow Doppler of 
the testis demonstrates a linear, hypoechoic, and 
avascular area (arrow) across the testicular 
parenchyma. 


sonographer/radiologist is aware of its existence. It 
is often a delayed diagnosis because it lies low on 
the list of clinical suspicion in a polytrauma patient 
for whom the main emphasis of imaging is on iden- 
tifying major organ damage. 

Testicular dislocation is usually unilateral and 
rarely bilateral |15]. The mechanism involved in 
dislocation of testis is usually related to sudden 
force and is particularly common in motorcyclists 
secondary to deceleration straddle injuries [16,17]. 
Dislocated testis can be found anywhere along the 
radius described by the spermatic cord, the center 
of which is located in the external inguinal ring. 
The superficial inguinal area is the commonest site 
of dislocation, other less common sites include 
the perineum, retrovesical |18], and even acetabular 
areas |19]. A mechanism involving preloading of 
the cremaster muscle as the source of dislocation 
has also been postulated [20]. 


Dislocated testis can be diagnosed clinically by 
palpation of an empty and ecchymotic hemiscrotum 
and an associated ipsilateral inguinal mass [21]. 
High-frequency transducer sonography helps to 
exclude intratesticular injuries, and color flow 
Doppler examination confirms the viability of the 
testis. If the testis is viable, a manual reduction of 
the dislocated testis is usually performed; if this is 
unsuccessful, then immediate surgical reduction 
and fixation should be performed [22]. 


Extratesticular 

Traumatic epididymitis 

The exact incidence of epididymal injury in scrotal 
trauma is not known, but according to unpublished 
data of the authors, it was seen in 18 of 63 patients 
who had scrotal trauma. Enlargement and hyper- 
emia of epididymis have been described secondary 
to scrotal trauma [23,24]. This presentation is 
called traumatic epididymitis |25]. Following 
trauma, epididymis may reveal the presence of 
small contusions or hematomas within, resulting 
in its enlargement and inflammatory response 
(Fig. 6). Color flow Doppler evaluation reveals ab- 
sence of blood flow within these hematomas or 
contusion, with surrounding reactive hyperemia. 
Presence of these changes should not be interpreted 
as infectious epididymitis; correlation with relevant 
history is important. Trauma to the epididymis may 
be associated with hematoceles. 


Epididymal fracture 

Epididymal fractures or ruptures are difficult to de- 
tect on ultrasound. They are usually diagnosed only 
on scrotal exploration performed for associated 
testicular injuries. Isolated epididymal injuries are 
rare. Ruptured epididymis should be considered 
when the epididymis cannot be well identified 


Fig. 4. Intratesticular hema- 
toma. Color flow Doppler 
image (A) of the testis re- 
veals a hypoechoic, avascu- 
lar region within the testis. 
Follow-up ultrasound (B) 
after 1 week shows evolving 
changes in the intratestic- 
ular hematoma. 


and has ill-defined margins in the setting of scrotal 
trauma with associated testicular injuries. 


Hematocele is defined as collection of blood in the 
tunica vaginalis. Ultrasound appearance of a hema- 
tocele varies depending on the length of time since 
the trauma occurred. Acute hematoceles are echo- 
genic, and subacute and chronic hematoceles ap- 
pear as complex fluid collections with septations 
and may have fluid-fluid levels or low-level internal 
echoes (Fig. 7) [6,26]. Hematocele may be second- 
ary to extratesticular or testicular injury, despite lack 
of definite sonographic evidence of testicular rup- 
ture. It is the most common finding in blunt scrotal 
trauma and was present in 11 of 15 patients in 
a study by Micallef and colleagues [2]. A large hem- 
atocele is an indication for surgical exploration [7] 


natoma 


DIT 


Spermatic cord injury due to blunt trauma to the 
scrotum is a rare consequence and is characterized 
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l Testicular torsion. 
This patient is status post 
trauma. Gray-scale sono- 
gram (A) demonstrates 
a predominantly hypoe- 
choic testis with areas of 
variable echogenicity. Cor- 
responding power Doppler 
image (B) reveals complete 
absence of intratesticular 
blood flow. On subsequent 
surgical exploration, pa- 
tient was found to have 
a 900° twist, with complete 
infarction of the testis. 


by the onset of severe pain, swelling, or hematoma 
in the groin area. It results from direct injury to the 
groin causing bleeding of spermatic vessels. The 
hematoma is usually enclosed by the spermatic 
fascia and is typically located superior to the testis 
(Fig. 8) [27]. Other causes of spermatic cord hema- 
toma include idiopathic, secondary to anticoagula- 
tion therapy, or as an extension of a retroperitoneal 
hemorrhage |28]. Another rare but known cause 
of trauma-related cord hematoma includes rupture 
of varicocele secondary to blunt abdominal trauma 
[29]. Because of the rarity of occurrence of cord 
hematoma secondary to trauma, its clinical presen- 
tation usually results in it being misdiagnosed as 
a subcutaneous hematoma secondary to bleeding 
from subcutaneous vessels |27]. Almost all cases re- 
ported so far have been diagnosed intraoperatively. 


Scrotal wall hematoma is a common associated 
finding in blunt trauma to the testes. It is seen on 
ultrasound as a thickened and echogenic scrotal 


g. 6. Traumatic epididymitis. Gray-scale sonogram (A) of epididymis in a patient post scrotal trauma reveals 
enlargement of the epididymis (measuring 3.85 cm) with variable echotexture, secondary to epididymal 
hematomas (asterisks). Corresponding color flow Doppler (B) shows absence of blood flow in these hematomas. 


Patient was managed conservatively. 
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Fig. 7. Hematocele. Gray-scale sonogram demon- 
strates organizing hematocele. Patient did not have 
any other associated testicular injury. 


wall, with absent or low vascularity. Scrotal wall 
hematoma is rarely an isolated finding and is 
commonly associated with an intra- or extratesti- 
cular hematoma. 


Penetrating trauma 

Gunshot wound is the commonest cause of a pene- 
trating injury to the scrotum. It is easy to identify on 
physical examination by the presence of an entry 
wound, an exit wound, or both. Sonographic find- 
ings characteristic of a penetrating injury can 
include the presence of air within the scrotum, 
identified as multiple echogenic foci with reverber- 
ation artifact (Fig. 9); a bullet track within the 
testicular parenchyma, seen as an echo-poor linear 
avascular area; and sometimes the presence of 
foreign bodies, seen as bright echogenic foci within 
the testis or in the extratesticular tissues |30]. 
Epididymal injuries are also possible but difficult 
to detect on ultrasound [30]. Associated findings 


such as hematocele or scrotal wall hematoma may 
be seen. 


Penile trauma 


Penile trauma is a relatively uncommon condition. 
Most cases have a typical clinical history, but 
because a definitive diagnosis based on clinical 
findings alone may be difficult, various imaging 
techniques are used to confirm the diagnosis or to 
demonstrate the exact location and extent of injury. 
Sonography is the preferred imaging technique for 
evaluation of penile trauma patients because of its 
improved gray-scale resolution and its capability 
to evaluate penile vascularity [31]. The American 
Association for the Surgery of Trauma grading scale 
of penile injury is presented in Table 2. 


Sonographic technique 


Sonographic examination of the penis is performed 
with the patient in the supine or lithotomy 
(frog-leg) position and the penis in the anatomic 
position, lying on the anterior abdominal wall. No 
special preparation is required. A high-frequency 
(7.5-12 MHz) linear array transducer with copious 
sonographic acoustic gel should be used. Longitu- 
dinal and transverse images of the entire length of 
the penis in gray-scale and color flow Doppler 
should be obtained [32]. A transperineal approach 
with elevation of the testicles may be used, if re- 
quired, to assess the base of the penis. On transverse 
scans, the two corpora cavernosa are seen as 
symmetric, homogenous, midlevel echoes, circular 
structures that are surrounded by an echogenic line 
representing the TA [32]. During the erectile state, 
the two corpora cavernosa enlarge and the sinus- 
oids dilate (become anechoic), which may change 
the echotexture from midlevel, homogeneous to 


Fig. 8. Spermatic cord hematoma. Gray-scale images (A, B) reveal a large variable echotexture region (H), 
superior to right testis. Right testis is displaced inferiorly. Left testis (T) is seen in the image. Patient underwent 
surgical exploration and was found to have organizing hematoma of the spermatic cord. 


RT LONG 


Fig. 9. Testicular penetrating trauma. Patient is status 
post gunshot to the groin. Gray-scale sonogram re- 
veals a shattered testis (T) with the presence of air 
in the subcutaneous tissue and testicular parenchyma 
(arrow). Color flow Doppler (not shown) demon- 
strated complete absence of blood flow. Patient 
underwent orchiectomy. 


low-level, hypoechoic. The two corpora cavernosa 
are separated by the septum penis, an extension of 
the TA, which appears as a thin echogenic line. 
Within each corpus cavernosum, a pulsatile struc- 
ture with echogenic walls is seen, which represents 
the cavernosal artery. The cavernosal artery is usually 


Table 2: Organ injury scale for penile injury 


AAST 


grade Penile injury 


Cutaneous laceration 
or contusion 
Laceration of Buck's 
fascia (cavernosum) 
without tissue loss 
Cutaneous avulsion, 


laceration through 
glans or meatus, or 
cavernosal or 
urethral defect <2 cm 
Partial penectomy or 
cavernosal or 
urethral defect = 


2cm 
Total penectomy 


Abbreviations: AAST, American Association for the Sur- 
gery of Trauma; AIS, Abbreviated Injury Scale. 

From Moore EE, Malangoni MA, Cogbill TH, et al. Organ 
injury scaling VII: cervical vascular, peripheral vascular, ad- 
renal, penis, testis, and scrotum. J Trauma 1996;41:523; 
with permission. 
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located in the center of the corpus cavernosum or 
slightly toward the median septum penis. It can be 
identified on transverse and longitudinal planes 
and appears as two echogenic dots on a transverse 
image and as a tubular structure with echogenic 
walls in a longitudinal plane. In the nonerectile 
state, the normal diameter of the cavernosal artery 
ranges from less than 0.3 mm to 1.0 mm (mean, 
0.3-0.5 mm) [33]. 


Penile injury: mechanism 

Penile fracture is an uncommon injury caused by 
the exertion of axial forces on the erect penis, result- 
ing in a tear of the TA, with extrusion of blood sub- 
cutaneously [34]. This injury usually occurs during 
vigorous sexual intercourse when the rigid penis 
slips out of the vagina and is misdirected against 
the partner's pubic bone or perineum, resulting in 
a buckling trauma [35]. Another common cause 
of penile fracture is self-inflicted. This injury occurs 
due to sudden downward bending of the erect penis 
by patients themselves in an attempt to achieve de- 
tumescence to avoid embarrassment from their 
sudden erection [36]. A retrospective study of 56 
patients who had penile injuries showed that 28 in- 
juries were sustained during coitus and another 12 
during other sexual practices [37]. Other causes of 
penile fracture include rolling over in bed with an 
erect penis and direct blunt injury to the penis. Pe- 
nile injury secondary to a bite during sexual fore- 
play, resulting in blunt crushing and disruption of 
the erect corpora cavernosa, has also been reported 
[38]. 

One of the reasons for the increased risk of penile 
fracture during tumescence is the stretching and 
subsequent thinning of TA during erection: in the 
flaccid state, it is about 2.4 mm thick; during erec- 
tion it can be as thin as 0.25 to 0.5 mm [39]. Non- 
penetrating injury to the erect penis can produce 
albuginea tear, intracavernous hematoma, or ex- 
tra-albugineal hematoma from rupture of the 
dorsal vessels. 


Penile fracture 

Penile fractures are urologic emergencies, but not 
all patients seek medical attention. Delay in pre- 
sentation because of embarrassment is common. 
Most patients report hearing a cracking or popping 
sound associated with a sharp pain, followed by 
rapid detumescence, swelling, discoloration, and 
deformity of the penis (eggplant deformity) [31]. 
Tunica tear usually occurs in only one of the cor- 
pora cavernosa (but can occur bilaterally) and in 
its surrounding TA; however, corpus spongiosal 
and urethral involvement can also occur. Fractures 
usually occur in the proximal shaft or midshaft of 
the penis. Corpus cavernosal ruptures are generally 
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transverse in orientation and are located in the 
ventral portion of the corpus cavernosum, adja- 
cent to the urethra [40]. Sonography does not 
demonstrate direct disruption of the tunica, but 
it is indirectly inferred by the presence of hema- 
toma at the site of tunica fracture [31]. In one 
study, ultrasound demonstrated the exact site of 
rupture in six of seven patients [41]. The integrity 
of the TA is the most important factor in determin- 
ing the necessity for surgical intervention. Surgical 
repair is generally recommended for patients who 
have a suspected tear of the TA or with urethral 
injury. 


Urethral and spongiosal injury 

Penile fracture can occur only when the penis is 
erect, and the injury results in disruption of the cor- 
pora and TA [42]. Of the 180 cases of penile fracture 
that have been reported in the literature, only 10% 
have reported accompanying urethral disruption. 
Of these, only 3 cases were reported to have a com- 
plete urethral tear |43|. About 20% of penile frac- 
tures are associated with lesions of the corpus 
spongiosum and urethra. The relatively fixed 
portion of the urethra between the urogenital 


diaphragm and the glans is susceptible to injury 
with penile fracture. Sonourethrography may be 
useful to demonstrate the continuity of the anterior 
urethra | 44]. 

Real-time examination of the urethra during 
instillation of jelly may increase the possibility of 
detecting extravasations through a ruptured urethral 
wall [45]. Presence of air in the cavernosal bodies in 
the absence of external penetrating trauma may be 
an indirect sign of urethral injury (Fig. 10) [46]. 
Sonography may be able to demonstrate edema or 
hematoma of corpus spongiosum following penile 
trauma [47]. 


Intracavernosal hematomas 

Injury to the subtunical venous plexus or to the 
smooth muscle trabeculae in the absence of 
complete tunical disruption can lead to cavernosal 
hematomas (Fig. 11) [48].  Intracavernosal 
hematomas are usually bilateral and result from in- 
jury to the cavernosal tissue when the base of the 
penile shaft is crushed against the pelvic bones 
[46]. Sonographic appearance of a penile hema- 
toma varies with the age of the lesion. Cavernosal 
damage can cause fibrosis, which appears as an 


Fig. 10. Penile fracture. Patient heard a popping sound during sexual intercourse followed by immediate detu- 
mescence and presented to the hospital immediately for evaluation. Transverse (A) and longitudinal (B) gray- 
scale sonogram of the penis reveals air (arrow) as evidenced by reverberation artifact in the expected location 
of anterior urethra. There is also disruption of TA on the left side (asterisk). Retrograde urethrogram (C) further 


confirms the rupture of anterior urethra. 


ill-defined echogenic scar replacing the erectile 
tissue. A case of spontaneous cavernosal hemor- 
rhage has been reported [49]. 


Avulsion of the dorsal penile vessels 
and thrombosis 
Rupture or thrombosis of a superficial vein of the 
penis can mimic a penile fracture [50], but defor- 
mation and immediate detumescence do not occur 
because of the intact TA. The hematoma secondary 
to rupture of these veins may be superficial or re- 
main under Buck’s fascia, depending on the site 
of involvement of the penile veins. A high index 
of clinical suspicion can lead to the diagnosis of 
rupture of the superficial dorsal vein of the penis, 
with subsequent conservative management. 
Sonography demonstrates a noncompressible 
dorsal vein, and if ruptured, an associated hema- 
toma can be visualized (Fig. 12) [51]. 


High-flow priapism 

Nonischemic or arterial priapism is a less common 
form of priapism that presents clinically as a pain- 
less erection that typically follows some type of 
penile or perineal trauma leading to unregulated 
arterial inflow into the sinusoidal space. The penis 
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Fig. 11. Intracavernosal hematoma 
following sexual intercourse. Trans- 
verse gray-scale images of both 
corpora cavernosa (asterisks) reveal 
a hyperechoic area (arrow) on the 
medial aspect of the left corpus cav- 
ernosum, suggestive of a cavernosal 
hematoma. This hematoma resolved 
on follow-up within 2 weeks. The 
right corpus is normal. (From Bhatt 
S, Kocakoc E, Rubens DJ, et al. Sono- 
graphic evaluation of penile trauma. 
J Ultrasound Med 2005;24:998; with 
permission). 


is often not maximally rigid in these cases, but inter- 
course may be possible. High-flow priapism is char- 
acterized by formation of a fistula between the 
cavernosal artery and the lacunae in the corpus cav- 
ernosum, known as an arterial-lacunar fistula [32]. 
This condition is not a urologic emergency, and cor- 
poreal aspiration of oxygenated blood is confirma- 
tory for high-flow priapism [31,32,52]. The venous 
outflow is maintained, thereby preventing com- 
plete erection, stasis, and hypoxia [31]. High-flow 
priapism may present days or even weeks after the 
original injury [52]. 

Color duplex Doppler sonography has replaced 
arteriography as the imaging modality of choice 
for the diagnosis of priapism because it is sensitive, 
noninvasive, and has wide availability [52]. 

In patients who have recent arterial laceration, 
gray-scale ultrasound reveals an irregular hypoe- 
choic region secondary to tissue injury or dis- 
tended lacunar spaces in the corpus cavernosum. 
This irregular area appears with well-circum- 
scribed margins, mimicking a pseudoaneurysm 
analogous to a capsule formation if the injury 
has been long-standing [45]. The arteries exhibit 
normal or increased flow within the cavernosal 
arteries and an irregular flow from the artery to 


Fig. 12. Penile hematoma due to 
avulsion of dorsal penile vessels. 
Longitudinal gray-scale sonogram 
of the penis reveals a hypoechoic 
area (arrow) anterior to the TA 
(arrowhead) suggestive of a penile 
hematoma. The corpora cavernosa 
(asterisk) and the TA are intact. 
(From Bhatt S, Kocakoc E, Rubens 
DJ, et al. Sonographic evaluation of 
penile trauma. J Ultrasound Med 
2005;24:999; with permission). 
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High-flow priapism. Longitudinal (A) and transverse (B) color flow Doppler sonograms of base of right 
corpora cavernosa reveal marked turbulent flow suggestive of cavenosal-lacunar fistula. Longitudinal color flow 
Doppler image of right corpus cavernosa (C) reveals increased vascularity as evidenced by the prominence of hel- 
icine vessels (arrowheads) consistent with priapism secondary to arterio-lacunar fistula. Patient also gave history 
of trauma to the perineum in the recent past as a result of horseback riding. Detumescence of penis could be 
achieved by external pressure at the base of penis/perineum, and release of pressure resulted in tumescence 


of penis, further confirming the sonographic findings. 


the cavernosal body at the site of injury. The 
arterial-lacunar fistula seen in high-flow priapism 
essentially bypasses the helicine arteries and appe- 
ars as a characteristic color blush extending into the 
cavernosal tissue and as turbulent high-velocity 
flows on color duplex sonography (l 13) [3 

A second ultrasound manifestation e high- flow 
priapism is detection of increased cavernosal artery 
flow without sexual stimulation. 

Treatment of high-flow priapism is emboli- 
zation; it may also be followed up without any 
intervention |52]. Surgical correction of high-flow 
priapsim is also possible 


Summary 


Sonography is an ideal technique for evaluating pa- 
tients who have scrotal and penile trauma. Sonogra- 
phy can demonstrate the integrity of the TA and the 
extent and location of a tunical tear in testicular 
ruptures and penile fractures. Associated vascular 
injuries can be demonstrated using color or power 
Doppler techniques. 
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Definitions and epidemiology 


Erectile dysfunction (ED) is defined as the persis- 
tent or repeated inability, for a duration of at least 
6 months, to attain or maintain an erection suffi- 
cient for satisfactory sexual performance |1]. Al- 
though the terms impotence and ED had been 
used interchangeably for many years, in 1992 
a panel at the National Institutes of Health (NIH) 
Consensus Conference on Impotence recommen- 
ded that the term erectile dysfunction be used 
instead of impotence to move away from the inac- 
curacy and negative connotations of the latter 
term. The current NIH definition allows a broader 
definition of ED by deemphasizing intercourse as 
the only objective parameter of sexual function. 
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Physical examination 

Laboratory tests 

Specialized diagnostic testing 

Sonographic technique for evaluation 
of the penis 

Duplex Doppler sonograph 

Evaluation of arteriogenic erectile 
dysfunction 

Evaluation of venous erectile dysfunction 

Evaluation of mixed (indeterminate) 
erectile dysfunction 
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Approximately 18 to 30 million men in the 
United States are estimated to be affected by ED. 
Atherosclerotic vascular disease, hypertension, dia- 
betes mellitus, hypercholesterolemia, heart disease, 
cigarette smoking, and aging are important risk fac- 
tors that are known to be associated with a higher 
prevalence of ED. The Massachusetts Male Aging 
Study (MMAS), a population-based questionnaire 
survey of 1290 men between the ages of 40 and 
70, is considered to be one of the most important 
epidemiologic studies highlighting ED. The 
MMAS revealed the presence of ED in 52% of the 
volunteers. The age-adjusted prevalence of com- 
plete ED was 39% in men who had coronary artery 
disease, 15% in men who had hypertension, and 
25% in men who had diabetes |2]. A subsequent 
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longitudinal evaluation of the original cohort of 
men aged between 40 and 69 years suggested that 
617,715 new cases of ED are expected to occur in 
the United States every year and that the number 
of men affected by ED will increase in a constant 
manner as the world’s population continues to 
age [3]. 

Perhaps the most important contribution of the 
MMAS was the concrete demonstration that ED is 
an age-dependent pathology. The study showed 
that the probability of complete and moderate ED 
increased linearly between the ages of 40 and 70; 
by age 70, only 32% portrayed themselves as free 
of ED. Other risk factors, such as cigarette smoking, 
increased the probability of total ED in men who 
had treated heart disease, hypertension, or un- 
treated arthritis [2]. Diabetes, heart disease, and 
hypertension were noted to be important risk 
factors for ED: men treated for diabetes, heart dis- 
ease, and hypertension had significantly higher 
probabilities for ED (28%, 39%, and 15%, respec- 
tively) than the sample as a whole (9.6%) after 
adjusting for age. Yet another significant and more 
recent epidemiologic study is the National Health 
Social and Life Survey, a population survey of 
1410 men aged 18 to 59 that reported a 31% prev- 
alence of male sexual dysfunction |4]. The three 
most common male sexual dysfunctions noted in 
this important study were premature ejaculation 
(21%), hypogonadism (5%), and ED (5%). 

Several other investigations have highlighted the 
association of aging and ED. A study of the preva- 
lence of ED in Japanese men demonstrated a signif- 
icant increase in prevalence with aging among 2311 
Japanese men between 23 and 79 years of age [5]. 
Similarly, a comparison of age-related prevalence 
of ED among 289 Japanese and 2115 American 
men by Masumori and colleagues |6] indicated an 
age-related decline in erectile function, sexual 
libido, and sexual satisfaction: 80% of men aged 
70 to 79 years perceived sexual drive once or less 
during the past month and 71% reported having 
erections only “a little of the time or less” when 
sexually stimulated. 

Another epidemiologic study from Europe dem- 
onstrated an approximately 22% prevalence of ED 
in Dutch men 50 to 54 years of age, in contrast to 
an approximately 54% prevalence in men 70 to 
78 years old [7]. A sharp age-related increase in 
the prevalence of ED was also shown by Braun 
and colleagues |8], who mailed a validated ques- 
tionnaire on male ED to a sample of 8000 men 
(30 to 80 years of age) in Germany. Evaluation of 
the questionnaires from 4489 respondents revealed 
the overall prevalence of ED to be 19.2%. 

To compare the independent effects of aging on 
ED to the effects of comorbidities typically 


associated with aging, a group of investigators per- 
formed an evaluation of ED in men 65 to 75 years 
of age in comparison to men older than 75 years of 
age. The findings indicated that age alone increased 
the relative risk for sexual dysfunction (relative risk 
2.2 for men 65 to 75 years old and 7.9 for those old- 
er than 75). In addition, self-reported poor health, 
diabetes, and bowel or urinary incontinence 
increased the risk for sexual dysfunction in all age 
groups. The authors thus demonstrated that aging, 
along with the comorbidities that are often associ- 
ated with aging, may independently or synergisti- 
cally contribute to ED [9]. 


Sonographic penile anatomy 


The penis is composed of the paired corpora caver- 
nosa (erectile bodies) and the corpus spongiosum, 
the tissue that surrounds the urethra. Ejaculation is 
facilitated by the rhythmic contractions of the bul- 
bospongiosus muscles surrounding the corpus 
spongiosum in the bulbar region of the penis. The 
tunica albuginea is the fibrous tissue surrounding 
the outer covering of the corpus cavernosum. Path- 
ologic fibrous tissue plaque formation in the 
subtunical layer (Peyronie’s disease) results in 
decreased elasticity of the tunica albuginea, penile 
curvature, and venoocclusive ED |10]. Lacunar 
spaces are specialized, widely-communicating 
endothelial-lined vascular spaces in the interior of 
the corpus cavernosum that are surrounded by the 
trabeculae consisting of connective tissue and 
corporal smooth muscle. 

Penile blood supply is from the internal puden- 
dal artery and its three terminal branches: the bul- 
bourethral, cavernosal, and dorsal penile arteries. 
Blood vessels and nerves run between the tunica 
albuginea and the Buck’s fascia, a thick, elastic layer 
that surrounds the tunica albuginea. The accessory 
pudendal artery is a source of additional blood sup- 
ply to the corpora cavernosa; this artery may have 
a critical role in men who have undergone radical 
pelvic surgery with compromised pudendal arterial 
blood supply |11]. Within the corpora, the caver- 
nosal artery branches into the helicine arterioles, 
resistance vessels that open into the lacunar spaces. 

Venous blood from the cavernosal sinusoids 
drains initially into a series of subtunical venules 
that coalesce into emissary veins. The latter pierce 
through the tunica albuginea and empty into the 
deep dorsal vein, directly or by way of the circum- 
flex veins | 12]. Extratunical venous drainage occurs 
by way of the deep dorsal, cavernous/crural, and 
superficial dorsal veins. Through the emissary and 
circumflex veins, most of the venous flow from 
the distal corpora drains into the deep dorsal veins 


that empty into Santorini’s vesicoprostatic plexus. 
The cavernosal and crural veins drain the proximal 
corporal bodies and lead to Santorini’s vesicopro- 
static plexus and the internal pudendal vein. The 
superficial dorsal vein drains blood from the pen- 
dulous penile skin and glans and communicates 
with the deep dorsal vein. In each corpus caverno- 
sum, bundles of smooth muscle cells embedded 
in a matrix of connective tissue and fibroblasts 
form a series of endothelium-lined blood-filled la- 
cunar spaces |13]. In the flaccid state, the trabecular 
smooth muscle and the central cavernosal and 
branching helicine arteries within each cavernosal 
body are constricted and lacunar venous blood 
passes unimpeded from the subtunical to the emis- 
sary to the extratunical veins. 

The pudendal nerve provides the main somatic 
innervation of the penis. It is composed of efferent 
fibers that innervate the striated musculature of the 
perineum and of afferent fibers from the penile and 
perineal skin |14]. Increased blood flow to the 
penis is facilitated by sacral parasympathetic stimu- 
lation and subsequent dilation of the cavernosal 
and helicine arteries, eventually resulting in a rigid 
erection. Concomitant relaxation of the trabecular 
smooth muscle greatly increases the compliance 
of the cavernosal bodies and allows the lacunar 
spaces to expand and accommodate the enhanced 
blood flow. The subtunical venules become 
stretched and compressed, thus forming the 
primary site of venous outflow resistance (the 
venoocclusive mechanism) during penile erection. 
The cavernous and crural veins (the deep system) 
are the main drainage system of the corpora caver- 
nosa and a main source of “leakage” or failure-to- 
maintain venogenic ED. 


Erectile physiology 


Erection is a neurovascular event that is governed by 
the delicate balance between the contractile and 
relaxation properties of the penile corporal smooth 
muscle. Normal erectile tissue is composed of 
trabecular smooth muscle (approximately 50%) 
and extracellular matrix providing a fibroelastic 
framework. The corporal smooth muscle is 
contracted in the flaccid state and relaxed in the 
erect state. Following sexual stimulation, initially 
contracted helicine arteriolar smooth muscle 
undergoes relaxation. 

Relaxation of arterial and trabecular smooth mus- 
cle results in dilation of the cavernosal and helicine 
arteries, increased arterial blood inflow across the 
endothelial cells lining the lacunar spaces, and 
penile engorgement. Penile rigidity is achieved by 
increased resistance to the outflow of blood that 
occurs as the trabecular walls expand against the 
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tunica albuginea and the subtunical venules are 
compressed (ie, the venoocclusive mechanism) 
[15,16]. 


Central mechanism of erection 


Erection may occur as a result of local sensory stim- 
ulation of the genital organs or by central psycho- 
genic stimuli |14,17]. Most of the critical cerebral 
regulatory functions for erection occur in the hypo- 
thalamus and the limbic system. Sexual drive and 
psychogenic initiation of erection occur in the me- 
dial preoptic area of the brain. The medial preoptic 
area and the paraventricular nucleus within the hy- 
pothalamus are involved in the integration of the 
visual (occipital area), tactile (thalamus), olfactory 
(rhinencephalon), and imaginative (limbic system) 
input; they send neural projections to the thoraco- 
lumbar sympathetic and sacral parasympathetic 
centers of the spinal cord | 18]. Activation of the in- 
ferior temporal cortex, right insula, right inferior 
frontal cortex, and left anterior cingulated cortex 
of the brain by visual evoked sexual arousal has 
been identified by positron emission tomography 
[19]. 

The locus caeruleus and nucleus paragigantocel- 
lularis (nPGi) in the brain stem exert an inhibitory 
effect on sexual arousal, whereas dopamine and 
oxytocin are believed to play important roles in 
mediating the pre-erectile response in the medial 
preoptic area and the paraventricular nucleus 
respectively [20,21]. Inhibition of serotonin release 
from the nPGi nerves projecting to sacral segments 
of the spinal cord may be involved in depression of 
sexual function by serotonin reuptake inhibitors 
(SSRIs). It has been suggested that episodes of 
nocturnal penile tumescence during rapid eye 
movement (REM) sleep may occur because of sup- 
pressed activity of the locus caeruleus and with- 
drawal of sympathetic input [20,22]. Somatic 
sensation from genital skin is collected by the pu- 
dendal nerve, the afferent limb for reflexogenic erec- 
tions. The autonomic nerve fibers that arise from 
the sacral parasympathetic center (S:-S,) make up 
the efferent limb for this reflex, innervating the pe- 
nile smooth muscle. Control of penile erection is 
likely to be regulated by synergistic function of 
the reflexogenic and psychogenic erectile mecha- 
nisms |14,17,23-25]. 

Following sexual stimulation, neuronal-medi- 
ated arterial filling is the first event in the corpora 
cavernosa. This process enables neuronal and endo- 
thelial-mediated trabecular smooth muscle relaxa- 
tion. The subsequent volume change in the 
corpora cavernosa stretches the subtunical venules, 
creating venous outflow resistance and increased in- 
tracavernosal pressure. Elevation in intracavernosal 
pressure with continued filling further compresses 
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the subtunical venules and eventually results in 
penile rigidity. Axial penile rigidity is defined as 
the ability of the erect penis to resist buckling from 
vaginal-mediated axial loads and is affected by intra- 
cavernosal pressure, penile tissue mechanical pro- 
perties, and penile geometry. Neuronal-mediated 
smooth muscle contraction with restoration of cor- 
poral venous drainage results in detumescence. 


Peripheral and neurogenic mechanisms 
of erection 


Erectile function in the penis is regulated by auto- 
nomic (parasympathetic and sympathetic) and so- 
matic (sensory and motor) pathways. Innervation 
of the penis is through three sets of peripheral 
nerves: the sympathetic, parasympathetic, and the 
pudendal nerves. The main role of the sympathetic 
system in the regulation of the erectile process is in 
the initiation and maintenance of arterial and 
trabecular smooth muscle contraction (the flaccid 
state). The sympathetic nerves (T10-L2) responsi- 
ble for detumescence and maintenance of flaccidity 
project to the corpora, the prostate, and bladder 
neck by way of the hypogastric nerves. Further 
detailed description of the role of a-adrenergic 
receptors in the physiology of penile erection is 
beyond the scope of this article, but is thoroughly 
reviewed by Traish and colleagues [26] elsewhere. 
The major excitatory input to the penis is pro- 
vided by the parasympathetic nerves originating 
from the S2-S4 spinal cord segments. These nerves 
exit through the sacral foramina and pass forward 
lateral to the rectum as the pelvic nerve (the efferent 
pathway) and are joined by the preganglionic para- 
sympathetic nerves originating from S2-S4. The 
pelvic nerves synapse with postganglionic nonadre- 
nergic, noncholinergic (NANC) nerve fibers in the 
pelvic plexus and give rise to the cavernous nerve 
of the penis that innervates the corpora cavernosa. 
Stimulation of the pelvic nerves causes a marked 
increase in flow through the pudendal arteries and 
entrance of blood into the cavernosal spaces. Penile 
stimulation in a healthy man causes reflexogenic 
erections that are primarily controlled by the sacral 
parasympathetic nerves originating in the spinal 
cord segments S2-S4. The afferent limb of the 


Table 1: 


Response Afferent 


Reflexogenic erection | Pudendal nerve 
Cerebral 
Pudendal nerve 
Pudendal + pelvic 
splanchnic nerves 


Psychogenic erection 
Emission 
Ejaculation 


erection response is mediated by the dorsal penile 
nerve (a branch of the pudendal nerve), which 
transmits sensory impulses to the spinal cord 
(Table 1). 

Nitric oxide (NO) is the primary mediator of 
NANC parasympathetic input to the penis. NO 
directly activates guanylate cyclase and is apparently 
synthesized on demand with little or no storage 
requirement. Shear stress in the endothelial cell 
from the increased blood flow activates e-NOS (en- 
dothelial nitric oxide synthase), thereby leading to 
the formation of citrulline (metabolically inactive) 
and NO from L-arginine and molecular oxygen. Ni- 
tric oxide can also be produced by activation of n- 
NOS (neural nitric oxide synthase) following sexual 
stimulation. Nitric oxide is a gas and diffuses into 
the corporal smooth muscle cytosol. The oxygen 
portion of NO attaches to the heme component 
of the soluble guanylyl cyclase. This event exposes 
the active site of the enzyme and leads to conver- 
sion of GTP to the second messenger, cGMP (cyclic 
guanosine monophosphate). The increase in cyto- 
solic cGMP in turn leads to the activation of the 
cGMP-dependent protein kinase, a lowering of 
intracellular calcium, and induction of corporal 
smooth muscle relaxation as previously described. 
This latter process can only occur if the partial pres- 
sure of oxygen in the lacunar spaces is greater than 
50 mmHg (ie, after helicine arteriolar dilation and 
exposure of the lacunar space to systemic arterial 
blood). During the transition of the penis from 
the flaccid to the erect state, oxygen tensions change 
rapidly from venous (?35 mm Hg) to arterial (?100 
mm Hg) levels in cavernosal blood. The synthesis of 
NO is inhibited in low oxygen tension, preventing 
relaxation of trabecular smooth muscle. 

It has been demonstrated that, in addition to 
guanylate cyclase, NO has other intracellular targets 
with which it can interact directly and may modu- 
late the contractility of smooth muscle cells inde- 
pendently of the cGMP pathway [27,28]. The 
levels of cGMP are regulated by phosphodiesterases 
(PDEs), a superfamily of hydrolytic enzymes that 
act on cyclic nucleotides and terminate signal trans- 
duction. Several PDE subfamilies with different 
cyclic adenosine monophosphate or cGMP 


Neurologic pathways of the erectile and ejaculatory response 


Spinal cord Efferent 


S2-S4 Sacral 
parasympathetics 
Suprasacral 
Lumbosacral 
$2-S4 


Pelvic nerves 


Pelvic nerves 
Sympathetic nerves 
Somatic efferents 


specificities and tissue localizations have been iden- 
tified in mammalian tissues. PDEs hydrolyze cGMP 
and cyclic adenosine monophosphate; they play 
a key role in the physiology of erection. Messenger 
RNA transcripts specific for 14 different human 
PDE isoenzymes in human corpus cavernosum 
have been demonstrated in studies using reverse 
transcriptase-polymerase chain reaction. PDE2, 
PDE3, PDE4, and PDE5 are the dominant active 
isoforms in erectile tissue |29]. 

Current FDA-approved oral medications for 
treatment of ED are inhibitors of the type 5 phos- 
phodiesterase (PDE5). There are three isoforms of 
this enzyme in human penile tissue: PDE5A1, 
PDE5A2, and PDE5A3 [30]. Other neurotransmit- 
ters and neuromodulators expressed in penile tissue 
and associated nerves include vasoactive intestinal 
polypeptide, calcitonin gene-related peptide, sub- 
stance P, pituitary adenylate cyclase-activity pep- 
tide, adenosine triphosphate, serotonin (5-HT), 
dopamine, oxytocin, and histamine [31]. The exact 
function of these molecules in the regulation of 
normal erectile response has not been conclusively 
demonstrated. Vasoactive intestinal peptide (VIP) 
and nitric oxide (NO), both NANC neurotransmit- 
ters, are often colocalized in the same nerves in 
penile tissue. The neurotransmitters norepineph- 
rine, rho-kinase, prostaglandins, and endothelins 
have vasoconstrictive properties and play a putative 
role in erectile physiology [32-34]. 

Cholinergic nerves modulate the activity of 
NANC nerves through facilitation of NANC relaxa- 
tion by stimulating the synthesis and release of 
vasodilatory neurotransmitters including NO. Ace- 
tylcholine (Ach) release may thus coordinate the 
withdrawal of adrenergic input and increase of 
NANC input by binding to muscarinic receptors 
on adrenergic and NANC nerves [22]. Decreased 
synthesis or release of Ach in certain disease states, 
such as diabetes, may contribute to compromised 
erectile function [35]. 

Vascular endothelium is another source of NO 
synthesis and release. Ach and bradykinin bind 
their respective membrane receptors and increase 
intracellular Ca?* within endothelial cells. Shear 
stress and other physical stimuli also enhance NO 
production in endothelium as previously described 
(ie, with trabecular volume expansion secondary to 
increased blood flow). Endothelium-derived and 
nerve-derived NO have a similar mode of action. 

Prostaglandins are prostanoids produced by the 
action of cyclooxygenases on arachidonic acid. 
They may play an important role in the production 
of extracellular matrix and act locally to exert tro- 
phic and tonic effects in an autocrine and paracrine 
manner. Relaxation and contraction of smooth 
muscle may occur; however, prostaglandin El 
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(PGE) is the only endogenous prostaglandin that 
seems to elicit relaxation of human trabecular 
smooth muscle. 


Causes of erectile dysfunction 


There may be several psychogenic or organic 
causes for ED (Box 1). A significant proportion 
of patients may have coexisting factors that affect 
their sexual performance. Patients who have psy- 
chiatric disease may suffer from additional organic 
impotence that causes considerable secondary anx- 
iety. Intermittent erectile failure in younger pa- 
tients is frequently caused by psychogenic factors, 
whereas ED in older men is more likely to involve 
an organic factor alone or in combination with 
psychogenic stressors [36]. Damaged or malfunc- 
tioning endothelium (endothelial dysfunction) is 
a common denominator in cardiovascular disease, 
hypertension, diabetes mellitus, depression, and 
many other disease states associated with ED 
[37,38]. Lifestyle issues, including obesity, a seden- 
tary lifestyle, and alcohol and tobacco use, and vas- 
culogenic, neurogenic, endocrinologic, structural 
(traumatic), and pharmacologic causes may con- 
tribute to ED. 


Pathophysiology of erectile dysfunction 


Decreased concentration of penile elastic fibers 
associated with aging results in a reduction in elas- 
ticity that could contribute to ED in elderly men. 
Older men have been shown to have a decreased 


Organic 

Arteriogenic 
Inflammatory: 
urethritis 
Mechanical: chordee, phimosis, Peyronie’s 
disease, obesity 
Postoperative: 
(ie, radical 
priapism) 
Occlusive: atherosclerosis, pelvic injury 
Traumatic: pelvic fracture, urethral rupture 


prostatitis, stricture, 


nerve or vascular 
prostatectomy, 


injury 
shunts for 


Endurance: chronic and systemic diseases 


Chemical: alcohol, 
marijuana 
Endocrine: testicular failure, pituitary fail- 
ure (hypogonadotropic hypogonadism), 
hyperprolactinemia 

Neurogenic 
Neuropathy, temporal lobe epilepsy, multi- 


ple sclerosis 


prescription drugs, 


Nonorganic 
Psychogenic 
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concentration of type III collagen, increased type I 
collagen, and a decrease of up to 35% in the 
smooth muscle content of the penis |10]. Addi- 
tionally, altered collagen content of the penis 
may result in chronic ischemia and loss of smooth 
muscle cells [39]. The consequent reduction in the 
ratio between cavernosal smooth muscle and con- 
nective tissue, along with the decreased filling and 
compliance of vascular spaces, has been associated 
with increased likelihood of diffuse venous leak 
and resultant ED [40]. Box 2 demonstrates the var- 
ious causes and their contributing risk factors. 


Evaluation 


The ideal evaluation protocol is a biopsychosocial 
approach that encompasses the complete sequence 
of male sexual function: hypogonadism, ED, ejacu- 
latory dysfunction, lower urinary tract symptoms, 
and various psychosocial issues, including depres- 
sion, relationship factors, partner issues, and social 
stressors. Evaluation of potential partner issues, 
both psychologic and physiologic, and understand- 
ing these factors as contributors to ED, cannot be 
overemphasized. 

A multidisciplinary approach to the above-men- 
tioned problems, with involvement from the urolo- 
gist, psychologist, endocrinologist, and psychiatrist, 
may be best for dealing with ED in an ideal environ- 
ment. In a real-world setting, however, it is impor- 
tant to assume that, at least for the purposes of 
the first visit, the evaluation will be performed with- 
out input from multiple specialties. A thorough 
history and physical examination are therefore crit- 
ical and of paramount importance. 


Sexual history 


The onset, duration, and circumstances of ED must 
be elicited. Questions are posed concerning erec- 
tion quality during intercourse, masturbation, and 
nocturnal erections. The degree of axial penile rigid- 
ity (hardness) can be quantitated by using a 1 to 10 
scale. Validated sexual questionnaires, such as the 
International Index of Erectile Function, may be 
helpful tools in the evaluation of erectile function 
[41]. The degree of erection maintenance and spon- 
taneity (effort, concentration, and time) required to 
achieve an erection relative to previous capabilities 
must be known. Associated abnormalities (or 
changes) in ejaculation, libido, or orgasm should 
also be noted. A psychogenic cause is suggested by 
sudden onset of impotence or the presence of im- 
potence under some circumstances, but normal 
erectile function at other times. A gradual deteriora- 
tion of erectile quality with preservation of libido is 
more likely to be caused by an organic risk factor. 


Centrally acting agents 
Marijuana 

Reserpine 

Clonidine 
Alpha-methyldopa 
Tricyclic antidepressants 
Phenothiazines 
Narcotics 

Ethanol 


Anticholinergic agents 
Antihistamines 
Antimuscarinic agents 
Tricyclic antidepressants 
Phenothiazines 


Antiandrogenic agents 
Estrogens 
Spironolactone 
Cyproterone acetate 
Disopyramide 
Ketoconazole 
Cimetidine 


Hyperprolactinemic agents 
Phenothiazines 

Estrogen 

Haloperidol 
Metoclopramide 
Imipramine 

Opiates 

Reserpine 
Alpha-methyldopa 


Sympatholytic agents 
Alpha blockers 
Guanethidine 
Reserpine 

Clonidine 

Bretylium 

Beta blockers 
Alpha-methyldopa 


Agents with other properties or unknown 
mechanism causing erectile dysfunction 
Epsilon-aminocaproic acid 

Naproxen 

Digoxin 

Thiazides 


Most patients who have impotence can ejaculate 
despite poor quality or absent erections. 


Medical history 


Inquiry is made about the patient's past and present 
medical problems, including diabetes mellitus, 
hypertension, smoking, hyperlipidemia, and liver, 
renal, vascular, neurologic, psychiatric, or endocrine 
disease. A history of abdominal, pelvic, or perineal 


surgery or trauma, including possible bicycle injury, 
is informative. Use of androgenic steroids and 
related substances by athletes mandates inquiries 
about these agents as they are associated with 
decreases serum testosterone levels and decreased 
libido. 


Psychologic evaluation 


A brief psychosocial history is mandatory to gain in- 
sight into potential personal, interpersonal, social, 
and occupational roots of sexual problems. When 
deemed appropriate, an interview with a psycholo- 
gist or sex therapist may be helpful to uncover 
personality disorders or the relation of psychologic 
factors to ED (ie, performance anxiety causing ED 
or organic ED leading to anxiety). The expectations 
of the couple from the planned therapy are assessed. 


Physical examination 


In addition to a focused examination of the genita- 
lia, the general body habitus and status of second- 
ary sexual characteristics should be assessed. The 
presence, size, and consistency of the testes are 
determined by palpation. The presence of small 
testes may suggest hypogonadism as a cause of 
ED. Gynecomastia may be present in patients who 
have androgen deficiency or estrogen excess. Vascu- 
lar insufficiency is suspected with absent peripheral 
pulses in the lower extremities. Careful examination 
of the penis, including evaluation in the stretched 
and nonstretched positions, is performed to assess 
adequacy of length, fibrotic plaques in the tunica al- 
buginea (Peyronie’s disease), or deformity of the 
corporal bodies. Pinprick testing of the penile and 
perineal skin may provide information about the 
sensory function of the pudendal nerve. Similarly, 
eliciting the bulbocavernosus reflex provides infor- 
mation about the integrity of the sacral reflexes. A 
digital rectal examination of the prostate to screen 
for prostate cancer is wise in men older than 50 
(age 40 if African American or with a positive family 
history of prostate cancer). 


Laboratory tests 


Hormonal status and evaluation of the integrity of 
the hypothalamic-pituitary-gonadal axis is per- 
formed by checking the serum testosterone, luteiniz- 
ing hormone (LH), and serum prolactin levels. 
Standard serum chemistries, complete blood cell 
count, and lipid profiles may reveal vascular risk 
factors. The serum prostate specific antigen (PSA) 
should be ordered in men over the age of 50 (age 
40 if African American or with a positive family 
history of prostate cancer) to screen for possible 
prostate cancer. A higher incidence of prostate 
cancer in men who have ED has not been demon- 
strated. This test is done for routine male screening, 
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therefore, rather than ED-associated prostate cancer 
screening [42]. Diurnal variations in testosterone 
levels are seen and one abnormal value may not 
be reliable. If both LH and testosterone levels are 
decreased, hypogonadotrophic hypogonadism is 
suspected and warrants consultation with an endo- 
crinologist. If a low serum testosterone is confirmed, 
it is mandatory to check serum prolactin levels to 
rule out the presence of pituitary adenomas. 


Specialized diagnostic testing 


The introduction of sildenafil in 1998 dramatically 
changed the need for specialized testing. As a gen- 
eral rule, although these diagnostic modalities 
help uncover pathophysiologic mechanisms and 
further confirm the impressions discovered on the 
initial evaluation, their disadvantages, including 
cost and associated potential complications, have 
lead to reduced indications for routine testing. 
Nocturnal penile tumescence and rigidity 
(NPTR) refers to the assessment of changes in 
penile circumference that occur during REM sleep 
(eg, Rigiscan, strain gauge and plethysmography). 
NPTR has been used to distinguish organic from 
psychogenic ED, but its validity remains controver- 
sial. False positive results may occur because sleep 
disorders and psychologic stress factors can cause 
abnormal erectile patterns in patients without any 
organic pathology. Furthermore, the ability of 
NPTR to evaluate axial rigidity is poor. Although 
NPTR is still commonly performed by some practi- 
tioners, its use should be limited to a general 
discrimination of organic versus psychogenic ED 
because of its low sensitivity and specificity [43]. 
Penile biothesiometry (vibration testing) is 
a noninvasive diagnostic modality that is used to 
assess the threshold for vibratory sensation. Biothe- 
siometry is a limited test because it is not neuro- 
physiologic. It measures vibratory thresholds, 
provides further understanding of the somatosen- 
sory pathway, and has proved helpful in the 
management of patients who have diabetes and ED. 


Sonographic technique for evaluation 
of the penis 


Sonographic examination of the penis is performed 
with the patient in either the supine or lithotomy 
(frog leg) position with the penis lying on the ante- 
rior abdominal wall or supported with towels 
between the thighs. Because the structures being im- 
aged lie close to the surface of the transducer, high 
frequency (7-14 MHz) linear array transducers are 
used to obtain high-resolution images of the penis. 
A sufficient amount of sonographic acoustic gel 
should be used on the surface of the penis to obtain 
good quality images, and excessive compression by 
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the transducer should be avoided, especially in 
trauma patients. Examination is performed in trans- 
verse and longitudinal planes starting at the level of 
the glans and moving toward the base of the penis. A 
transperineal approach may be used if required to 
assess the base of the penis. The two corpora caver- 
nosa are homogenous in echotexture and are identi- 
fied as two hypoechoic circular structures. The tunica 
albuginea is visualized as a linear hyperechoic struc- 
ture covering the corpora cavernosa. The cavernosal 
artery is visualized on the central portion of the cor- 
pora cavernosa (Fig. 1). The normal cavernosal ar- 
tery diameter ranges from 0.3 mm to 1.0 mm (mean 
0.3-0.5 mm) in the flaccid state. The corpus spongio- 
sum is often compressed and is difficult to visualize 
optimally from the ventral aspect. Color Doppler 
examination of the penis should be performed in 
transverse and longitudinal planes. Peak systolic 
velocities of the cavernosal arteries should also be 
recorded. The cavernosal artery velocity in normal 
healthy volunteers is 10 to 15 cm/s in the flaccid state 
[44,45]. 


Duplex Doppler sonograph 


Duplex Doppler sonography is highly reliable and 
is recommended as a first-line test to evaluate penile 
arterial and venoocclusive function. The diameters 
of the cavernous arteries are measured before and 
after intracavernous injection of vasodilator agent. 
After injecting a vasodilator, spectral waveforms of 
the cavernosal arteries and their peak systolic veloc- 
ities are measured at 5-minute intervals for 25 min- 
utes [44,45]. 


Doppler evaluation technique of erectile 
dysfunction 

After a detailed clinical evaluation, patients should 
be informed about the examination procedure and 
its risks. Doppler ultrasound assessment should be 
performed in a private setting in a quiet room. To 
obtain better image quality and spectral data, a 


A 


Dorsal Artery 


Cavernosal 
Artery 


Corpus 
Cavernosum 


7- to 14-MHz linear array transducer is used for pe- 
nile Doppler examination. Grayscale examination 
of the penis is performed to exclude Peyronie's dis- 
ease. On the ventral side, the corpus cavernosum 
and cavernous arteries within the corpus caverno- 
sum are identified on the transverse or longitudinal 
images. The diameter of the cavernous artery is 
measured on both sides, and the spectral Doppler 
waveform is recorded. A vasoactive agent is used 
to stimulate penile erection. Injection of the vasoac- 
tive substance results in the physiologic response of 
erection in normal males and helps to separate 
patients who have neurogenic or psychogenic dys- 
function from those who have vascular distur- 
bances. Several vasoactive agents, including 
papaverine, phentolamine, and prostaglandin E1, 
alone or in combination, can be used through the 
intracavernous route [44,46]. 

Prostaglandin E1 (PGE1) is preferred because of 
a lower risk for priapism. Prostaglandin results in 
physiologic erection in 87% of the subjects studied. 
PGE1 is injected into the distal two thirds of the 
shaft of penis in one corpus cavernosum, using 
a small, 27- to 30-gauge needle |44]. 

PGE1 is the most accurate diagnostic drug with 
the lowest prolonged erection rate of 0.1%. The 
total quantity of PGE1 injected is 10 to 20 ng. 
Some authors prefer to use PGE1 at a dose of 
10 ug followed by a further 10-ug dose 15 minutes 
later if there is a suboptimal clinical response. A to- 
tal dose of 20 ug PGE1 produces minimal side ef- 
fects, but stepwise use is likely to reduce the risk 
for priapism. After intracavernosal injection of 
prostaglandin E, 96% of the prostaglandin is locally 
metabolized within 60 minutes. Priapism is seen in 
1% and penile fibrotic lesions are seen in 2% of pa- 
tients. Papaverine use has fallen out of favor be- 
cause of its high incidence of postinjection fibrosis. 

Intracavernous agents can cause numerous com- 
plications, such as pain, ecchymosis, penile hema- 
toma, and prolonged erection in up to 7% to 11% 


Urethra 


Fig. 1. Diagrammatic representation of penile anatomy in transverse view (A) with corresponding gray-scale 
image (B). 


of cases |47]. In experienced hands, and for the 
purposes of diagnostic testing, these adverse events 
rarely occur or are easily reversible. When an oral 
vasoactive agent, sildenafil citrate, plus visual sexual 
stimulation are used alternatively to intracavernosal 
injection of vasoactive agents for penile Doppler 
evaluation, similar results to those with PGE1 or 
papaverine injection can be obtained. 

Cavernosal arterial anatomy varies among indi- 
viduals; hemodynamic parameters differ at various 
sites of measurement. The peak systolic velocities of 
the cavernosal arteries should be measured at 
a constant location, preferably at the junction of 
the proximal on third and distal two thirds junction 
of the cavernosal artery. 

After injection of vasoactive agents, the cavernous 
artery diameter is measured and starting at 5 min- 
utes postinjection spectral Doppler waveform in 
cavernous arteries should be recorded every 5 min- 
utes until 25 minutes elapse. Angle-corrected peak 
systolic velocity (30° and 60°) of the cavernous ar- 
tery should be recorded near the proximal third of 
the penile shaft because the velocities are greatest 
at this level. The dorsal penile arteries and deep dor- 
sal vein are assessed and peak systolic velocities are 
then recorded. 


Stages of penile erection In the flaccid state there 
is limited blood supply to the penis. Spectral Dopp- 
ler waveform of the cavernous artery demonstrates 
the high resistance wave form. Peak systolic veloci- 
ties are in the 5 to 15 cm/sec range. In the filling 
phase there is increased blood flow to the penis by 
way of the cavernous arteries with characteristic var- 
iations in spectral waveforms. The cavernosal ar- 
teries dilate and the spectral Doppler waveform is 
characterized by increasing systolic and diastolic ve- 
locities. The helicine arteries also dilate and are seen 
as tortuous vessels branching from the cavernous ar- 
teries that split into several arterioles of smaller size. 
In the tumescent phase there is progressive decrease 
in the diastolic velocity and the peak systolic veloc- 
ity. As a result of venous occlusion, the diastolic 
flow decreases to zero and then undergoes flow 
reversal. With maximal rigidity, decreased systolic 
velocity can be observed. When venous occlusion 
occurs, the helicine arteries become progressively 
less visible and disappear with maximum rigidity 
(rigid phase). During detumescence diastolic flow 
appears again in the cavernosal arteries and flows 
are appreciable in the corpus spongiosum, in the cir- 
cumflex veins, and in the dorsal veins (Fig. 2) [48]. 


Evaluation of arteriogenic erectile 
dysfunction 

Diagnosis of arterial ED is made based primarily on 
measurements of diameters of cavernosal arteries 
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and their velocities. The thickness of the cavernous 
artery wall can be a factor in the assessment of arte- 
riogenic ED (AED). Normal cavernosal arteries 
have strong, thin walls with strong pulsation, 
whereas arteries with diffuse atherosclerosis have 
thick walls with diminished pulsation [49]. Various 
parameters, such as peak systolic flow velocity, de- 
gree of arterial dilatation, and acceleration time, 
have been suggested, but peak systolic flow velocity 
is generally accepted to be a more accurate indicator 
of arterial disease. Because arterial diameter and flow 
rate change during the various phases of erection, 
the parameters are measured 5 minutes after injec- 
tion and measurement of peak systolic velocity is re- 
peated at 5-minute intervals for 25 minutes [44,45]. 
The average peak systolic velocity after cavernosal 
injection of vasoactive agents has been found to be 
30 to 40 cm/sec in normal volunteers (Fig. 3) [50]. 

Peak systolic velocities of cavernosal arteries 
differ and depend on the vasoactive agent used 
(Table 2). Velocities greater than 25 cm/sec proba- 
bly are adequate if papaverine is injected; velocities 
in the 35 to 40 cm/sec range are probably normal if 
prostaglandins are injected [44]. A peak systolic ve- 
locity less than 25 cm/sec in the cavernous artery 
and dampened waveform are standard diagnostic 
criteria for arterial insufficiency. The angiographic 
correlation has shown that a velocity threshold 
of 25 cm/sec has 92% accuracy in the diagnosis 
of arterial integrity [51]. When penile angiography 
is compared with duplex Doppler examination of 
the same patients, peak systolic velocity less than 
25 cm/sec is consistently associated with severe 
arterial disease [44,51,52]. 

If patients’ peak systolic velocity falls between 25 
to 30 cm/sec, diagnosis of AED is suspicious and 
secondary criteria of arterial disease should be 
taken into consideration. The secondary diagnostic 
criteria of arterial insufficiency include failure of 
cavernous artery dilatation of less than 75%, the 
presence of focal stenosis, occlusion or retrograde 
arterial flow, and asymmetry of cavernous peak 
systolic flow velocities greater than 10 cm/sec. Resis- 
tance index (RI) greater than 0.9 is associated with 
normal results in 90% of patients [44]. Box 3 shows 
the cavernosal artery peak systolic velocities after 
prostaglandin injection. The cutoff point for the ac- 
celeration time required to discriminate between 
atherosclerotic and nonatherosclerotic ED have 
been defined as equal to or greater than 100 milli- 
seconds for atherosclerotic ED [53] (acceleration 
time is calculated by dividing the peak systolic 
velocity by the systolic rise time). 

It has been reported that spectral Doppler analy- 
sis of the cavernous artery in the flaccid penis pro- 
vides a noninvasive method to assess arterial 
disease. A cutoff peak systolic velocity value of 


65 


66 Sadeghi-Nejad et al 
een] 


9 


Opt: Med Y 
PgO 
PgO 


41.8cmis 
2.2cmis 


10 cm/sec in the flaccid state in the cavernous artery 
has been reported to have the best accuracy for pre- 
dicting arterial insufficiency, with a 96% sensitivity, 
92% specificity, and a 93% overall accuracy [54]. 
The normal velocity criteria have not been defi- 
nitely established, however, and no data regarding 
venous abnormalities can be obtained without 
vasoactive agent injection. If properly performed, 
duplex Doppler sonography is equal to or may 
even be superior to pharmacologic arteriography 
for the diagnosis of arteriogenic impotance. 


S oo nnn liii wii 
Fig. 2. Stages of penile erection. (A) Spectral Doppler tracing demonstrates high resistance flow pattern in flaccid 
state. (B) There is increased diastolic flow in filling phase. (C) Intumescent phase there is further increase in the peak 


systolic velocity with decrease in diastolic blood flow and (D) in rigid phase there is reversal of diastolic blood flow, 
signifying increased resistance to in flow. There may be complete absence of diastolic flow in this stage. 


Evaluation of venous erectile dysfunction 


A venous leakage is suspected when there is 
adequate arterial inflow and erection is obtained 
but the duration is short and there is persistent an- 
tegrade diastolic flow throughout the examination. 
Using Doppler sonography, diagnosis of venous ED 
(VED) can be made only if a patient had normal 
arterial function, (ie, normal peak systolic velocity). 
An arterial diastolic velocity greater than 5 cm/sec 
(angle-corrected velocity) throughout all phases of 
erection constitutes persistent arterial diastolic 
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Arteriogenic erectile dysfunction. The spectral Doppler tracings at (A) 10 minutes, (B) 20 minutes, and (C) 
30 minutes post prostaglandin intracavernous injection demonstrate peak systolic velocities in cavernosal artery 
to be less than 25 cm/s. Similar pattern was observed in the right cavernosal artery. 


flow and suggests venous leak ( ) . If 
a diagnosis of venous leak is made by sonography, 
further evaluation can be performed by cavernosog- 
raphy and cavernosometry. Persistent blood flow in 


Table 2: Commonly used drugs with doses 
for penile Doppler evaluation 


Drug Dose 
Papaverine 30-60 mg 
Phentolamine 0.25-1.25 mg? 
Prostaglandin E1 10-20 ug 
(alprostadil) 

10 mg papaverine + 0.5-1 mL 

0.4 mg phentolamine 

+ 10 ug 

prostaglandin E1/mL 

Sildenafil citrate 50 mg? 


(oral) 


a This drug may be used with papaverine or prostaglan- 
din E1. 
> This drug is used with visual sexual stimulation. 


the dorsal vein also represents venous insufficiency 

. Demonstration of early blood flow in the dor- 
sal vein has a sensitivity of 80% and specificity 
100% on cavernosography for diagnosing VED. RI 
measurement is also a reliable, noninvasive method 
for diagnosing venous incompetence. RI is mea- 
sured at 20 minutes after injection of the vasoactive 
agent. An RI value of less than 0.75 is associated 
with venous leakage in 95% of patients, whereas 
an RI value greater than 0.9 is associated with nor- 
mal results in 90% of patients. As the pulsatility 
index reflects the presence of retrograde diastolic 
flow below the baseline, some authors prefer the 
pulsatility index to assess venous incompetence 


Box 3: Cavernosal artery peak systolic 
velocities after prostaglandin injection 


Normal range 25-40 cm 

25-30 cm/s, borderline 

Peak systolic velocities <25 cm/s suggest arterial 
disease. 
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Fig. 4. Venous leak. The peak systolic velocities in cavernosal arteries are greater than 30 cm/s, but there is per- 
sistence of diastolic blood flow (>5 cm/s). Same pattern was seen at 25 minutes interval post prostaglandin 


injection. 


and a pulsatility index value less than 4 is used to 
predict venous incompetence [57]. 

Occasionally, a suboptimal response to PGE1 
injection may be seen and presents as continued for- 
ward flow in the diastole because of inadequate 
venous occlusion, especially in young patients. In 
this instance, a 2-mg intracavernosal phentolamine, 
a selective a-adrenergic receptor antagonist, can be 
injected. Phentolamine blocks the increased sympa- 
thetic neuronal activity, thereby producing smooth 
muscle relaxation that often occurs in the anxious 
patient during penile ultrasound examination. After 
phentolamine injection, many patients, especially 
in this younger age group, exhibit statistically signif- 
icant increases in grade of erection and peak systolic 
velocity and a decrease in end diastolic velocity. The 
use of intracavernosal phentolamine is therefore 
recommended for ultrasound assessment of venous 
incompetence, especially in young patients. Alterna- 
tively, a rubber band can also be placed at the base of 
the penis to occlude the dorsal vein and peak systolic 
velocities in the dorsal vein will then showa decrease 
and the patient will have a longer period of erection; 
this is an indirect sign of VED. Deep dorsal vein ve- 
locities are summarized in Box 4. 


Evaluation of mixed (indeterminate) 
erectile dysfunction 


The diagnosis of mixed arterial and venous ED can- 
not be made using duplex Doppler sonography 
because venous competence cannot be assessed in 
a patient who has arterial insufficiency. In patients 
who have impaired arterial flow, because the 


cavernosal sinusoids may never fill to the point of 
occluding small emissary veins draining the cor- 
pora cavernosa, the Doppler findings of venous 
incompetence, persistent cavernosal arterial dia- 
stolic flow, and flow in the dorsal vein may be 
seen even if the veins are intrinsically normal. 
When arterial inflow is abnormal with poor erectile 
response and there is antegrade diastolic flow 
throughout the examination, it is considered an 
indeterminate result (Fig. 5). 

Other forms of vascular testing include intraca- 
vernosal injection testing and studies of the penile 
brachial index (rarely performed). The incidence 
of suspected vascular pathology by such vascular 
testing has ranged from 33% to 87% [58,59]. Selec- 
tive internal pudendal arteriography is a more inva- 
sive test that is indicated if arteriogenic ED is 
suspected in a candidate for microvascular arterial 
bypass surgery. Arteriography is usually performed 
with intravascular and intracavernosal vasodilators 
with patient sedation to optimize visualization of 
the cavernosal vessels. 

Cavernosometry is the most sensitive test to de- 
tect venoocclusive disease, although it is not com- 
monly performed because it is a more invasive 
test. This test is performed by placing two needles 
into the corpora. One needle measures cavernosal 


Normal: <3 cm/s 


Moderately increased: 10-20 cm/s 
Markedly increased: >20 cm/s 
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Fig. 5. Mixed erectile dysfunction. The peak systolic velocity at 30 minutes post prostaglandin injection is less 
than 25 cm/s and there is persistence of diastolic flow (>5 cm/s). 


pressure while the other injects heparinized saline 
generating increasing intercavernosal pressures. 

A pharmacologic erection is attained using an in- 
jected erectogenic agent (Box 5). Saline is infused 
into the corpora to pressures of 30, 60, 90, 120, 
and 150 mm Hg. The flow rate required to maintain 
these pressures is recorded. The flow of saline 
needed to maintain a pressure of 150 mm Hg is 
called the “flow to maintain.” A flow of greater 
than 3 mL/minute represents venoocclusive dis- 
ease. Pressure decay refers to the decrease in pres- 
sure from 150 mm Hg after infusion of saline 
is terminated. Decline greater than or equal to 
45 mm Hg in 30 seconds is another indicator of 
venoocclusive disease. 

An additional indicator of venoocclusive disease 
is the inability to achieve intracavernosal pressures 
equal to the mean arterial pressure using peak 
saline inflow. 

Cavernosography is usually performed synchro- 
nously with cavernosometry. Radiographic contrast 
dye is infused into the corpora. Oblique and AP im- 
ages are taken in an effort to visualize and localize 
venous leakage. A normal test shows minimal or 
no venous drainage. In patients who have Peyro- 
nie’s disease (penile curvature secondary to pla- 
ques) and those who have a history of penile 


Local hematoma 


Pain at injection site 
Penile induration 
Priapism 


fracture, cavernosography reveals focal site-specific 
abnormalities |60]. 
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Renal transplantation has become the preferred 
method of treating end-stage renal disease. Im- 
provements in surgical technique, histocompatibil- 
ity matching, and immunosuppressive regimens in 
conjunction with close clinical and imaging graft 
surveillance have extended the average life expec- 
tancy to 7 to 10 years for a cadaveric kidney and 
15 to 20 years for a living related donor kidney 
[1]. Over the past few decades, gray-scale sonogra- 
phy in combination with spectral, color, and power 
Doppler techniques has become the primary imag- 
ing examinations for the evaluation of renal trans- 
plants { 1-6]. Sonography is relatively inexpensive, 
nonnephrotoxic, and can be performed at the bed- 
side allowing rapid diagnosis of complications that 
threaten graft viability. Color and spectral Doppler 
examination of the transplant provides an excellent 
noninvasive method to assess immediate and de- 
layed vascular complications. Sonography also 
plays a key role in guiding percutaneous interven- 
tional diagnostic and therapeutic procedures. 


Surgical technique 


The transplanted kidney is typically placed extraper- 
itoneally into either the right or left iliac fossa, 


Biopsy complications 
Urinary complications 
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depending on the need for simultaneous pancreatic 
transplantation, prior surgery, or preference of the 
surgeon |2,3|. An anatomic right kidney is trans- 
planted into the recipient's left iliac fossa and vice 
versa |4]. The kidney’s orientation within the iliac 
fossa is variable depending on the surgical tech- 
nique and the patient's body habitus. If both iliac 
fossae have had previous surgery, an intraperitoneal 
approach to the iliac vessels may be used [3]. 
Cadaveric renal transplants are typically har- 
vested with an intact main renal artery and an at- 
tached portion of the aorta. The aortic segment is 
trimmed into an oval patch (a Carrel patch) and at- 
tached by way of an end-to-side anastomosis to the 
anterior aspect of recipient's external iliac artery. 
Slight deviations from this technique, usually be- 
cause of space constraints in the pelvis, may cause 
the transplant main renal artery to be tortuous or 
kinked. When a living related donor kidney is trans- 
planted, only the main renal artery is harvested and 
anastomosed end-to-side to the recipient's external 
iliac artery, or less commonly, end-to-end to the re- 
cipient’s internal iliac artery | 1,4]. Transplantation 
of a kidney with multiple renal arteries, a condition 
that is present in 18% to 30% of the population and 
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is bilateral in 15%, poses some technical difficulties 
for the surgeon |7]. When more than one main ar- 
tery is noted in a cadaveric kidney, the renal arteries 
are sutured to a common Carrel patch (Fig. 1). Liv- 
ing donor kidneys with multiple renal arteries were 
previously not considered candidates for transplan- 
tation. Extracorporeal microsurgical techniques and 
bench reconstruction of multiple arteries into 
a common stem have enabled successful transplan- 
tation of these kidneys without additional risk for 
complication, however |7]. The donor renal vein 
is always connected by way of an end-to-side anas- 
tomosis of the recipient's external iliac vein | 2,4]. 

The current preferred method of reestablishing 
continuity of the urinary tract is the creation of 
a ureteroneocystostomy. The ureterovesical anasto- 
mosis is formed by attaching the distal end of the 
donor ureter to the dome of the bladder. Less com- 
monly, a ureteroureterostomy (an end-to-end anas- 
tomosis of the donor ureter to the recipient ureter) 
or a pyeloureterostomy (a connection of the donor 
renal pelvis to the recipient ureter) may be per- 
formed [2,4]. 


Sonographic technique 


The renal transplant is usually relatively superficial 
in location and easily imaged by sonography 
(Fig. 2). The sonographic evaluation may be more 
difficult in obese patients or if the transplant is dis- 
placed by an adjacent collection. A wide-angle, 
deeply focused general abdominal probe should 
be used for gray-scale imaging of the transplant, 
the urinary bladder, the operative bed including 
the superficial tissues, the transplant artery and 
vein, the external iliac vessels, and their anastomo- 
ses. Color Doppler sonography and spectral Dopp- 
ler sonography are then performed of the extrarenal 


Fig. 1. Two donor renal arteries. Color Doppler image 
demonstrating two donor renal arteries that were 
anastomosed to the recipient's external iliac artery 
by way of Carrel patch of donor aorta. 


vessels, their anastomoses, and the intrarenal ves- 
sels as described later. A higher-frequency probe 
can be used to evaluate the anatomic detail of the 
transplant and the parenchymal vascularity using 
color and possibly power Doppler examinations. 

The graft is usually best visualized from an ante- 
rolateral approach with the patient in a supine or 
decubitus position with the side of the transplant 
elevated. On gray scale, the transplant kidney ap- 
pears similar to the native kidney, although the 
morphology is better delineated secondary to the 
use of a higher-frequency transducer (see Fig. 2A). 
The renal pyramids typically appear hypoechoic 
and easily distinguished from the renal cortex. Ab- 
sence of corticomedullary differentiation may be 
a normal finding, however |6]. The renal pelvis 
may be identified but should not be distended; typ- 
ically the calyces are collapsed. 

The size of the kidney should be assessed by mea- 
suring the length and width of the transplant in or- 
thogonal planes and then calculating the volume 
using the formula for a prolate ellipse. A slightly 
more accurate estimation of the renal transplant 
volume can be performed if necessary. This estimate 
is obtained by multiplying the maximum transverse 
cross-sectional area (MCA) by the renal length. The 
MCA is obtained by electronically tracing around 
the kidney at the widest width on a transverse image 
and using the calculated area within the tracing. The 
dimensions should be compared with previous 
measurements because volumetric changes may re- 
flect an underlying pathologic condition, such as re- 
jection |8]. The renal transplant volume is larger 
compared with the volume at the time of harvest- 
ing, even in the absence of underlying graft dysfunc- 
tion, possibly related to compensatory hypertrophy 


[9]. 


Assessment of the transplant vasculature 


Doppler ultrasound (US) has proved to be an excel- 
lent noninvasive screening modality to assess the 
transplant’s vasculature (see Fig. 2B-E) |5]. The suc- 
cess depends on the ability to directly visualize the 
renal vessels and their anastomoses, however. Color 
and spectral analysis should be performed of the ip- 
silateral external iliac artery both proximal and dis- 
tal to the anastomosis, the transplant main renal 
artery (or arteries) at the anastomosis and in the 
mid portion of the vessel, the transplant main renal 
vein, and the interlobar arteries within the upper, 
mid, and lower pole of the transplant. Color Dopp- 
ler examination should be performed of each vascu- 
lar segment to assess patency of the vessels and to 
detect any focal area of color aliasing, which would 
indicate a focal stenotic segment. The spectral pa- 
rameters most commonly assessed include peak 
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2. Normal living related donor renal transplant 3 days after transplantation. (A) Sagittal gray-scale image 
demonstrating normal corticomedullary differentiation and a small postoperative fluid collection (arrows), 
likely a hematoma. (B) Spectral Doppler image of the main renal artery demonstrates normal low-resistance 
waveform with peak systolic velocity of 85.8 cm/s. Note appropriate technique with central placement of a nar- 
row sampling gate. The orientation of the gate parallels the vessel and the Doppler angle is less than 60 degrees. 
(C) Spectral Doppler image of the main renal vein demonstrating normal continuous flow. (D) Spectral Doppler 
image demonstrating normal resistive index measurement (0.70) obtained from a lower pole interlobar artery. 
(E) Power Doppler image demonstrating normal cortical perfusion that extends to the edge of the renal cortex. 
Apparent paucity of flow at the renal poles (arrows) is attributable to loss of signal on the basis of a Doppler 
angle close to 90 degrees in these regions. 
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systolic velocity (PSV), acceleration time (AT), and 
resistive index (RI). Additional parameters that 
may also be assessed include pulsatility index and 
iliac artery to transplant artery PSV ratios. On spec- 
tral analysis, the Doppler angle should be kept be- 
tween 30 and 60 degrees to minimize error in 
velocity calculation. The sample gate should be 
placed in the center part of the arterial lumen. The 
width of the gate should be adjusted to approxi- 
mately one half of the diameter of larger vessels, 
such as the external iliac and main renal artery 
and veins, and at the smallest setting possible for 
the interlobar vessels | 10|. Several spectral samples 
may be obtained in these vessels to detect the high- 
est PSV. The upper limit of normal PSV in the renal 
artery is typically 200 to 250 cm/s (see Fig. 2A) | 11]. 
The normal main renal vein demonstrates continu- 
ous low velocity flow, typically 40 to 60 cm/s (see 
Fig. 2B). The normal intrarenal arterial waveform 
is one of low resistance. The RI is considered to be 
normal if less than 0.7, indeterminate between 
0.7 and 0.8, and elevated if greater than 0.8 (see 
Fig. 2C) [6]. A baseline Doppler examination is per- 
formed shortly after surgery and follow-up exami- 
nations are then performed as needed based on 
the patient's clinical status. 

The overall vascularity of the transplant should 
be assessed by color Doppler examination, noting 
any focal areas of increased or decreased flow 
within the parenchyma. Power Doppler, a technique 
more sensitive to the low-velocity flow present in 
small vessels, may also be used to assess perfusion 
of the renal transplant, in particular cortical perfu- 
sion. When examined with a high-frequency 
(5 MHz or higher) linear transducer and appropri- 
ate power Doppler settings, a normal transplant 
should have detectable flow extending all the way 
to the renal cortex (see Fig. 2E) | 12,13}. 


Parenchymal insults 


Acute graft dysfunction is most commonly related 
to acute rejection, acute tubular necrosis (ATN), 
toxic levels of a calcineurin inhibitor (cyclosporin 
A or tacrolimus), or infection |1-3,5,6]. Unfortu- 
nately, although many sonographic features have 
been described with these parenchymal insults, so- 
nography is not able to differentiate among the pos- 
sible causes. Sonography is most useful to eliminate 
obstruction and vascular compromise as a possible 
cause of graft dysfunction. 

Acute allograft rejection remains one of the most 
serious and common complications of renal trans- 
plantation. Virtually every patient experiences some 
degree of rejection, and differentiating rejection 
from other causes of graft dysfunction remains 
a challenging clinical problem. Acute rejection 


occurs in approximately 40% of patients in the 
early posttransplant period, peaking at 1 to 3 weeks 
following transplantation, and is characterized clin- 
ically by a rapid increase in serum creatinine, often 
a 25% or greater increase in 24 to 48 hours 
[3,4,14,15]. If acute rejection is diagnosed early it 
may be reversed by steroids or by antibody therapy. 
Acute rejection can be suspected based on a combi- 
nation of clinical, laboratory, and sonographic 
findings, but an accurate diagnosis depends on 
transplant biopsy, a technique that carries a 4% 
mortality |15]. Although potentially completely re- 
versible, the occurrence of acute rejection is viewed 
as an adverse long-term prognostic indicator for 
graft survival [3]. 

ATN occurs in the early postoperative period as 
result of ischemia before revascularization and is 
much more common with cadaveric transplanta- 
tion than with living related donors |1,13,14]. Al- 
though this condition is self-limited, with most 
kidneys recovering in 2 to 3 weeks, 10% to 30% 
of patients require dialysis until the graft recovers 
[3]. Cyclosporin and tacrolimus are immunosup- 
pressive agents that have proven to be a major 
advance in organ transplantation, but their nephro- 
toxicity remains an important problem. They 
produce reversible renal vasoconstriction acutely 
and interstitial fibrosis chronically, which may 
cause irreversible graft dysfunction. In general this 
diagnosis is made by renal biopsy or by response 
to alteration of drug levels | 1,3}. 

Several sonographic findings have been reported 
in patients who have graft dysfunction (Fig. 3A), in- 
cluding poor corticomedullary differentiation, re- 
duction in renal sinus echoes, both increased an 
decreased echogenicity of the pyramids, urothelial 
thickening, and enlargement of the kidney 
[3,6,16]. All these findings are nonspecific, how- 
ever, and may be seen in patients who have acute re- 
jection, ATN, infection, and cyclosporin toxicity, 
along with vascular complications. Additionally 
these sonographic findings often occur much later 
than the biochemical indicators of graft dysfunc- 
tion, limiting their usefulness to allow early thera- 
peutic intervention. There are some general 
trends, however. For example, the more severe and 
acute the rejection, the more marked the sono- 
graphic findings. 

The spectral Doppler examination may show an 
elevated RI in all forms of graft dysfunction (Figs. 
3B and 4B) [14,15]. The elevated RI results from 
any cause of interstitial edema, which is most re- 
flected in the diastolic phase of the arterial wave- 
form. A normal RI does not exclude graft 
dysfunction, however, and may be noted in up to 
50% of patients who have biopsy-proven rejection 
[12,15]. Serial measurements of RI may be helpful 
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Acute rejection. (A) Sagittal gray-scale image demonstrates loss of corticomedullary differentiation, en- 
larged size, and rounded configuration of the renal transplant in this patient who has elevated serum creati- 
nine. (B) Spectral Doppler image demonstrates very high resistance waveform in an upper pole interlobar 
artery characterized by absence of diastolic flow. Renal biopsy revealed acute rejection. 


to determine if the insult is worsening and to mon- 
itor therapeutic interventions . Although RI 
cannot differentiate among the causes of early graft 
dysfunction, a normal RI in the immediate trans- 
plant period is a good predictor of immediate graft 
function 
Power Doppler examination is more sensitive 
than RI evaluation for the detection of the vascular 
changes of graft dysfunction. Alterations in the 
small vessels within the cortex of the transplant 
(Fig. 4A) may be the earliest sign of parenchymal 
insults, such as rejection and cyclosporin toxicity 
. These patients may show patchy 
Tow or complete lack of cortical flow on power 
Doppler examination of the parenchyma. Similar 
to the RI determinations, a normal examination 
does not exclude graft dysfunction 
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Chronic rejection is defined as gradual deteriora- 
tion in graft function beginning at least 3 months 
following transplantation in association with 
biopsy-proven interstitial fibrosis and tubular atro- 
phy. The most common cause is previous episodes 
of acute rejection. With chronic rejection (Fig. 5) 
the kidney is small and demonstrates a thinned cor- 
tex, diffusely increased echogenicity, and reduced 
visibility of intrarenal vessels 

The sonographic findings of transplant infection 
are relatively nonspecific. The kidney may be en- 
larged and heterogeneous (Fig. 6), overlapping 
with the appearance of acute rejection and other 
causes of graft dysfunction. There may be regions 
of increased or decreased echogenicity or regions 
of altered parenchymal flow similar to rejection or 
segmental infarction. Focal pyelonephritis may 


I. Acute tubular necrosis. (A) Sagittal power Doppler image obtained 18 days after transplantation for con- 
tinued graft dysfunction demonstrates paucity of vascularity and cortical pruning (compare with 2D). (B) Sam- 
pling of an upper pole interlobar artery revealed very a high resistance waveform with absence of diastolic flow, 
similar to 3B. Findings were suspected to represent acute rejection but biopsy revealed ATN, illustrating the non- 
specific nature of the sonographic findings of acute allograft dysfunction and the role of renal biopsy in differ- 


entiating between possible causes. 
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Fig. 5. Chronic rejection. Gray-scale image demon- 
strating a small, echogenic renal transplant (arrows), 
which was nonfunctioning secondary to chronic re- 
jection, adjacent to a more recently placed renal 
transplant (labeled TXP 2), which has normal echoge- 
nicity and sonographic morphology. 


appear mass-like, simulating a neoplastic process. 
Low-level echoes may be noted in the collecting sys- 
tem and there may be thickening of the urothelium 
[1,3,6]. 


Malignancy 


Immunosuppressive therapy places the transplant 
recipient at 100 times the normal risk for 
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Fig. 6. Pyelonephritis. Sagittal gray-scale image in 
a patient who had fever and Escherichia coli bacteri- 
uria demonstrates enlargement of the renal trans- 
plant, increased echogenicity of the renal sinus fat, 
subtle urothelial thickening (arrow), and mild promi- 
nence of the collecting system. Although the gray- 
scale findings were nonspecific, the presence of low 
resistive indices (0.61-0.62) and normal serum creati- 
nine favored a diagnosis of infection over ATN or re- 
jection. The findings resolved following antibiotic 
therapy. 


developing cancer, in particular skin cancers and 
lymphomas |19]. The degree and duration of im- 
munosuppression are important risk factors for 
the development of malignancy. Posttransplanta- 
tion lymphoproliferative disorder (PTLD), a poten- 
tially malignant process, is a complication that 
occurs in 0.9% to 2.5% of all renal transplant re- 
cipients [20]. PTLD describes a heterogeneous 
group of lymphoid proliferations that histopatho- 
logically range from benign infectious mononucle- 
osis-like lesions at one end of the spectrum to 
a monomorphic proliferation of B cells resembling 
a high-grade lymphoma at the other end [21]. The 
greatest risks for the development of PTLD are 
acute Epstein Barr virus infection following trans- 
plantation and the use of antilymphocyte anti- 
bodies, such OKT3 [|22]. 

Early PTLD typically affects younger patients, 
usually within a year of transplantation, and 
tends to be a less aggressive polyclonal prolifera- 
tion of lymphocytes that can be treated with 
modulation of immunosuppression and antiviral 
therapy. Late-onset PTLD occurs on average 38 
to 146 months following transplantation. This 
monoclonal proliferation follows a more aggres- 
sive course and is associated with poor outcome. 
PTLD presents with diffuse lymphadenopathy and 
single or multiple extranodal masses within the 
liver, spleen, lung, kidney, and the central ner- 
vous system and gastrointestinal tract [20]. Micro- 
scopic involvement of the renal hilum by PTLD is 
often noted on pathologic examination following 
graft removal [21]. Macroscopic involvement of 
the transplant presenting as a focal mass has 
now been noted by several authors [20,23]. Allo- 
graft-localized PTLD appears as a complex hypoe- 
choic vascular mass within or adjacent to renal 
hilum, with mean size of 4.5 cm. The lesion 
may encase the main renal artery causing a focal 
stenosis and may involve the renal sinus and pel- 
vis causing hydronephrosis in 50% of the cases 
reported {23}. 

A primary renal cell carcinoma should also be 
considered when a focal renal mass is noted by so- 
nography. The prevalence of primary renal carci- 
noma may be increased in transplant recipients, 
with 90% occurring in the native kidneys and 
10% in the transplant. Many cases are likely related 
to a high background incidence of acquired cystic 
disease of dialysis, with an estimated 9% of these 
patients developing tumors of the native kidneys 
[24]. Often patients are referred for imaging follow- 
ing an episode of gross hematuria. The diagnostic 
investigation of these patients must include imag- 
ing of the native and transplant kidneys and evalu- 
ation of the urothelium of all three ureters and the 
urinary bladder. 


Graft thrombosis 


Thrombosis of the renal vasculature following 
transplantation is a complication that requires 
rapid diagnosis to avoid graft loss. Renal artery 
thrombosis affects less than 1% of transplants and 
typically presents in the immediate postoperative 
period, but may occur at any time if the patient is 
at risk for hypercoagulation . Acute and 
hyperacute rejection are the most common causes, 
but thrombosis may occur because of surgical tech- 
nique in particular if associated with arthrosclerosis 
in donor or recipient, multiple renal vessels, or a pe- 
diatric donor kidney . Thrombosis of the 
main renal artery often leads to complete infarction 
of the kidney. The patient may present with absence 
of urinary output, pain, swelling, and tenderness 
over the graft but may also be relatively asymptom- 
atic [3]. The kidney becomes hypoechoic and en- 
larged; no arterial or venous flow is seen in the 
main vessels and the intrarenal vessels on color 
Doppler examination ( ) . If the 
diagnosis is made early, some grafts have been sal- 
vaged by surgical or percutaneous thrombolysis 

. Renal infarction due to hyperacute rejection 
(Fig. 8) may mimic the appearance of acute renal 
artery thrombosis; however, a patent main trans- 
plant renal artery is found at the time of surgical 
removal. 

Segmental infarcts may occur as part of rejection or 
as a result of unassociated segmental thrombosis or 
vasculitis. The rate of polar infarcts from inadvertent 
ligature of a polar artery in the donor has dramati- 
cally decreased with the use of en bloc harvesting 
techniques |7]. Segmental infarcts may appear as 
a geographic region of hypoechogenicity or may 


Acute transplant main renal artery thrombosis. 
Color Doppler sagittal image 12 hours after trans- 
plantation reveals complete absence of flow in the 
renal transplant. On explant, the transplant renal ar- 
tery was found to be completely thrombosed. 
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Hyperacute rejection. Color Doppler sagittal 
image obtained 24 hours after transplantation dem- 
onstrates no flow to the kidney, concerning for acute 
renal artery thrombosis. At surgery, however, the 
main renal artery and vein were found to be patent. 
In this case, the allograft infarction and necrosis were 
caused by hyperacute rejection. 


appear more masslike with a well-defined echogenic 
wall. On color Doppler they appear as wedge-shaped 
areas without flow (Fig. 9), a finding that may also be 
noted with severe pyelonephritis 

Renal vein thrombosis is more common than 
arterial thrombosis, occurring in about 5% of trans- 
plants, accounting for one third of all early graft 
failures . It typically presents between 
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Segmental renal infarct. Sagittal color Doppler 
shows a segmental area of increased parenchymal 
echogenicity and decreased vascularity (arrows) that 
corresponded to a photopenic defect on a renal scin- 
tigram obtained 1 day after transplantation (not 
shown). The findings were most likely related to 
a segmental infarct from surgical injury to the vascu- 
lar supply of the lower pole. The differential diagno- 
sis of focal decreased vascularity includes focal 
pyelonephritis in the appropriate clinical setting. 
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the third and eighth postoperative day [31,32]. Hy- 
povolemia, compression from peritransplant col- 
lections, and slow flow secondary to rejection or 
caused by other allograft disease are common pre- 
disposing risk factors {2,31,32]. The patient may de- 
velop either abrupt or gradual cessation of renal 
function and may develop swelling and tenderness 
over the graft. 

On gray scale, the kidney is enlarged and edema- 
tous. The main renal vein may be dilated and echo- 
genic thrombus may be visible in the lumen. On 
color Doppler examination there is severely re- 
duced or no detectable venous flow in the hilum 
of the transplant, often in combination with re- 
versed diastolic arterial flow in the renal artery 
(Fig. 10) [29-32]. Reversal of diastolic arterial 
flow may occasionally be seen with severe acute re- 
jection and ATN, but venous flow is present differ- 
entiating those conditions from renal vein 
thrombosis. In cases of partial renal vein thrombo- 
sis there may be diminished flow in the main renal 
vein with a visible nonocclusive thrombosis; other 
cases may only have a nonspecific increase in arte- 
rial resistance [5,32]. 


Renal artery stenosis 


Renal artery stenosis accounts for 75% of all vascu- 
lar complication, affecting 10% of transplants, 
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Fig. 10. Renal vein thrombosis. Spectral Doppler im- 
age obtained 1 day after transplantation in a patient 
who had abrupt decrease in urinary output demon- 
strates reversal of diastolic flow in the main renal ar- 
tery. Note on color Doppler examination (arrow) that 
the direction of renal arterial flow is away from the 
kidney. This phenomenon was observed only during 
the diastolic phase of the cycle reflecting the high in- 
trarenal pressure. Acute renal vein thrombosis was 
confirmed surgically. Reversal of diastolic flow may 
also be seen with severe ATN or rejection; however, 
in both of these conditions there would be a patent 
renal vein. 


usually in the first 3 years after surgery |4|. Renal ar- 
tery stenosis should be suspected if the patient has 
persistent hypertension refractory to medical ther- 
apy, particularly if accompanied by audible bruit 
over the graft or unexplained graft malfunction in 
the absence of rejection |1,2,5,11]. More than half 
of the stenoses occur at the anastomosis secondary 
to focal intimal fibrosis and calcification caused by 
vessel perfusion injury, with end-to-end anastomo- 
ses at three times greater risk for stenosis than end- 
to-side anastomoses |27|. Stenoses that occur 
proximal to the anastomosis may be attributable 
to atherosclerotic disease in the donor vessel or 
clamp injury, whereas distal stenoses are caused 
by intimal hyperplasia in response to turbulent 
flow and are more commonly seen with end-to- 
side anastomosis. Other causes include transplant 
rejection, arterial twisting, kinking, or compression 
of the artery [5,6]. 

Gray-scale findings (Fig. 11A) of renal artery ste- 
nosis include focal luminal narrowing, mural thick- 
ening, and mural calcification. Color and spectral 
Doppler examination (Fig. 11B) shows focal color 
aliasing in the region of the narrowing, with down- 
stream spectral broadening and an abnormal intra- 
renal tardus-parvus wave form [2,5]. In general, 
duplex sonography has a sensitivity of 87% to 
94% and a specificity of 86% to 100% for the diag- 
nosis of renal artery stenosis, with the range reflect- 
ing the varying parameters and threshold values 
used by different laboratories |4,10,11,33-36]. The 
PSV in the renal artery is considered by most au- 
thors to be the most reliable indicator of renal ar- 
tery stenosis. A PSV of 200 to 250 cm/s should be 
viewed as suspicious for renal artery stenosis be- 
cause it correlates with a stenosis of at least 50% 
in most patients | 10, 11,33]. Other authors have ad- 
vocated using a higher threshold of 300 cm/s to im- 
prove specificity and reduce the number of patients 
referred for confirmatory arteriography, particularly 
when dealing with a low-risk or surveillance popu- 
lation [36]. Higher threshold PSV values, particu- 
larly greater than 400 cm/s, have the highest 
specificity for detecting severe RAS requiring inter- 
vention, but may miss moderate stenoses | 10}. 
Other parameters suspicious for RAS include an 
AT of greater than 100 milliseconds in the renal or 
intrarenal arteries and a ratio of PSV in the trans- 
plant main renal artery to external iliac artery of 
1.8 or greater | 11,34,35]. 

Mimics of renal artery stenosis include tortuosity 
or transient kinking of the renal artery (Fig. 12), 
which may cause increased velocities and spectral 
broadening in normal vessels |6]. Improper velocity 
settings or incorrect Doppler angle correction may 
also yield spuriously high PSV readings. Elevated 
peak systolic arterial and venous velocities with 
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g. 11. Transplant main renal artery anastomotic stenosis 1 year after transplantation. (A) Transverse gray-scale 
image shows narrowing (arrow) of the transplant main renal artery at the anastomosis. (B) Spectral Doppler of 
the area of greatest luminal narrowing demonstrates spectral broadening, marked elevation of the PSV (561.5 
cm/s), and elevation of the PSV ratio (transplant main renal artery compared with iliac artery) to 2.5. Findings 
indicate hemodynamically significant renal artery stenosis. 


normal RI may be seen immediately after transplan- 
tation and decrease to normal at 1 to 3 months’ 
follow-up. This finding suggests physiologic adap- 
tation rather than true stenosis |3 


Biopsy complications 


Intrarenal arteriovenous fistulas (AVFs) and pseu- 
doaneurysms have been reported to complicate 
1% to 18% of all renal transplants. The exact 
incidence is uncertain because most are small and 
resolve spontaneously | 1,4]. They are almost exclu- 
sively attributable to needle biopsies. AVF results 
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Mimic of renal artery stenosis. Transverse 
gray-scale image demonstrates a tortuous transplant 
main renal artery with elevation of the peak systolic 
velocities (210-220 cm/s, not shown) in the region 
of maximal curvature (arrow), without gray-scale 
findings or a poststenotic jet to indicate hemodynam- 
ically significant renal artery stenosis. 


from vessel wall injury of an adjacent artery and 
vein, allowing a fistulous communication to be es- 
tablished. These are best detected on Color Doppler 
(Fig. 13) as a focal area of disorganized flow extend- 
ing beyond the gray-scale borders of the vessels re- 
flecting the vibration in the surrounding tissues 
caused by the high-velocity jet of arterial blood en- 
tering the adjacent vein. The feeding artery and 
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. Postbiopsy AVF. Color and spectral Doppler 
image 1 week after percutaneous biopsy in a patient 
who had hematuria demonstrates focal color aliasing 
in the transplant lower pole (arrow). Spectral Doppler 
of the area of aliasing reveals spectral broadening 
and low resistance flow characteristic of an AVF. 
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Extrarenal pseudoaneurysm. (A) Color Doppler image demonstrating a partially thrombosed pseudoa- 
neurysm arising from the main transplant renal artery, with characteristic yin-yang swirling internal flow dynam- 
ics in the lumen. Note the thrombus in the pseudoaneurysm (arrows). (B) Spectral Doppler image showing the 


characteristic to-and-fro flow in the aneurysm neck. 


draining vein are often engorged and may be seen 
on gray-scale and color examination. The artery 
has a high-velocity, low-resistance waveform on 
spectral Doppler examination and the draining 
vein may have a pulsatile or “arterialized” wave- 
form. The significance of an AVF depends on its 
size and the degree of shunting. Many small lesions 
can be managed conservatively and spontaneously 
resolve. Rarely some grow slowly over time causing 
graft dysfunction because of regional ischemia. 

A pseudoaneurysm results from transmural in- 
jury to the artery creating a cavity that communi- 
cates with the main lumen by way of a neck. The 
arterial flow has a typical “to-and-fro” pattern in 
the neck on spectral Doppler and a “yin-yang" 


appearance in the aneurysm sac on color Doppler 
because of swirling of blood within this space 
(Fig. 14) [4]. Extrarenal pseudoaneurysms and arte- 
riovenous fistulas are rare but may occur as a result 
of surgical technique or infection adjacent to the 
vessels. All PSAs require therapy because of the 
risk for spontaneous rupture 

Small perinephric hematomas are commonly 
noted following percutaneous renal biopsy proce- 
dures. Large or rapidly expanding hematomas 
may require angiography with embolization to con- 
trol the hemorrhage ( ). Color Doppler may 
be able to identify active bleeding from the renal 
parenchyma or vessels in the surrounding soft tis- 
sue. Vascular injury during biopsy may be 
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15. Superficial postbiopsy hematoma. (A) Gray-scale image obtained 2 days after renal transplant biopsy in 
a hypotensive patient who had an expanding anterior abdominal wall mass demonstrates a complex superficial 
collection in keeping with a hematoma (H, hematoma), overlying the renal transplant. (B) Color Doppler image 
demonstrates active arterial extravasation indicated by the extraluminal jet of color flow (arrow) into the hema- 
toma caused by inadvertent puncture of the inferior epigastric artery (arrowhead) during the biopsy procedure. 
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Urinoma. (A) Sagittal gray-scale image obtained 20 days after transplantation in a patient who had new 
right leg swelling demonstrates a complex fluid collection (arrows) concerning for abscess. On drainage, the col- 
lection proved to be a sterile urinoma despite atypical appearance and location. Note also the hydronephrosis 
attributable to compression of the ureter by the urinoma. (*, ureter; K, kidney). (B) Nephrostogram showed ex- 
travasated contrast material (arrows) pooling between the distal ureter and bladder (B, bladder), in keeping 
with urinary leak arising from the region of the ureteroneocystostomy. Pathology revealed ischemic necrosis 


of the distal ureter. 


minimized with use of US guidance to avoid a nee- 
dle path into renal sinus. 


Urinary complications 


The prevalence of urinary tract complications has 
varied from 2.6% to 15% in large adult series, 
approaching 30% in pediatric recipients 

Urinary tract complications include urinary leak, 
obstruction, vesicoureteral reflux, and nephrolithia- 
sis. The higher complication rates were more com- 
mon in early studies when ureteroureterostomy 
or pyeloureterostomy were performed [2]. Recent 


RLQ TXP 


improvements in graft harvesting and ureteral reim- 
plantation techniques have reduced the rate to 2% 
to 5% with very low morbidity 

The most frequent urinary tract complication in 
the early postoperative period is urinary leakage 
(see ). Most commonly this occurs at the 
level of the ureterovesical anastomoses, secondary 
to ureteral necrosis attributable to inadequate vas- 
cular supply of the distal ureter . Rarely 
it may result from more proximal ureteral leakage 
or from calyceal rupture, which may be caused by 
high-grade obstruction or segmental ischemia, 
such as in patients who have accessory arteries 


Hydronephrosis caused by long ureteral stricture. (A) Sagittal gray-scale image in a patient who had ris- 
ing creatinine 2 days after removal of a ureteral stent reveals marked hydronephrosis. (B) Nephrostogram dem- 
onstrating markedly narrowed distal ureter with irregular contour, likely reflecting an ischemic stricture. 
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. Postoperative pyelocaliectasis caused by ureteral edema. (A) Sagittal color Doppler image 4 days after 
transplantation demonstrates mild pyelocaliectasis. (B) Sagittal color Doppler image 4 months later shows res- 
olution of the pyelocaliectasis, which presumably was on the basis of postoperative edema at the ureteral 


anastomosis. 


. Improved ureteral vascularization is achieved 
by preservation of the hilar fat, periureteral tissue, 
and the lower pole renal artery branches that supply 
the distal ureter during harvesting . Also the 
use of extravesical ureteroneocystostomy allowing 
the use of a shorter segment of ureter has proven 
to decrease the risk for ureteral ischemia and blad- 
der injury . Some surgeons have incorpo- 
rated the use of ureteral stents at the time of 
transplantation, which has led to a lower risk for 
leakage and obstruction ; 

Ureteral necrosis may also be related to medical 
causes of vascular insufficiency; an increased inci- 
dence is noted with older donors and in those pa- 
tients who have rejection or other causes of 
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delayed graft dysfunction . Infection may also 
play a role; there has been a parallel decrease in 
CMV infection and ureteral necrosis since the rou- 
tine use of CMV prophylaxis in 1998 [40]. Urinary 
leaks are usually diagnosed 2 to 7 days after surgery. 
The patient may present with elevation of the serum 
creatinine, decreased urinary output, or mass effect 
symptoms from the enlarging urinoma . If 
small, a urinary leak may be treated with nephros- 
tomy and stent placement for 6 to 8 weeks to allow 
complete healing, with a success rate of 63% to 
83% 

Urinary tract obstruction occurs in 1.3% to 
10.2% of all transplants . Early obstruction 
may be attributable to a blood clot within the ureter 


Pyelocaliectasis caused by vesicoureteral reflux. (A) Sagittal gray-scale image demonstrates mild pyelo- 
caliectasis. (B) Free vesicoureteral reflux is identified on this image from a voiding cystourethrogram, accounting 


for the pyelocaliectasis. 
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Renal calculus. Sagittal gray-scale demon- 
strates an echogenic area with posterior acoustic 
shadowing in the lower pole of the transplant kidney 
(arrow), shown to be a non-obstructing renal calculus 
ona CT. 


or bladder and can often be relieved by irrigation 
. Beyond the immediate postsurgical period, ob- 
struction is most likely to occur in the distal ureter 
secondary to a ureteral stricture occurring as a result 
of ischemia ( ) or prior acute rejection, or 
from suboptimal surgical technique in the creation 
of the ureteroneocystostomy or from kinking of the 
ureter . Less common causes include periure- 
teric fibrosis, calculi, sloughed papillae, and extrin- 
sic compression by a pelvic fluid collection 
Obstruction should be considered in patients who 
have an increasing serum creatinine level and 
should be differentiated from medical causes of 
graft dysfunction. Percutaneous nephrostomy is of- 
ten performed to relieve the urinary obstruction 
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and allow percutaneous intervention, such as bal- 
loon dilation of ureteral strictures 

Hydronephrosis can be easily identified with so- 
nography, but its significance should be made in 
conjunction with renal function . Mild hydro- 
nephrosis immediately following surgery may re- 
flect mild and reversible ureteral edema and can 
be reassessed by follow-up sonography ( 8). 
Increasing dilatation of the transplant collecting 
system over time implies obstruction and allows 
distinction from mild dilatation secondary to di- 
minished ureteral tone from denervation of the 
transplant and from acute rejection . Con- 
versely, obstruction may be present with little or 
no hydronephrosis early in the course of obstruc- 
tion or in the case of a scarred, nondistensible col- 
lecting system [4]. Renal collecting system dilation 
in the absence of obstruction ( ) may also 
be noted in patients who have free vesicoureteral re- 
flux, especially when the bladder is full [4]. Reflux 
has been noted in up to 86% of renal transplants, 
but its clinical significance is controversial . Re- 
flux may be important in patients who have recur- 
rent urinary tract infections and may place the 
transplant at increased risk for pyelonephritis and 
graft dysfunction 

The incidence of transplant calculi ( 

) is estimated to be 0.4% to 1%; however, it is an- 
ticipated that longer graft survival may lead to more 
frequent detection of calculi . Transplant calculi 


have been noted more frequently in patients who 
have secondary hyperparathyroidism, hypercalcu- 
ria, urinary tract infection, and ureteral stents 

In some instances the kidney may be 
stones, 


harvested with a condition termed 


Chronic hydronephrosis and multiple renal calculi. (A) Sagittal gray-scale image demonstrates an atro- 
phic, hydronephrotic transplant kidney with indwelling proximal end of a double-J ureteral stent (small arrow) 
and debris (large arrow) and shadowing stones (*). (B) Nephrostogram showing obstruction of the encrusted 
ureteral stent (arrows) and multiple large nonradiopaque renal calculi (arrowheads). 
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. Lymphocele. Transverse gray-scale image ob- 
tained 2 weeks after transplantation in a patient 
who had new right leg swelling demonstrates a thinly 
septated collection (arrows) around the transplant 
kidney (K, kidney) that proved to be a lymphocele 
on percutaneous drainage. 


“donor-gifted allograft lithiasis.” Small stones may 
pass spontaneously but larger ones may require 
treatment, including percutaneous nephrolithoto- 
my or extracorporeal shock wave lithotripsy 


Peritransplant collections 


Peritransplant collections have been reported in as 
many as 50% of renal transplant recipients 
Many are asymptomatic and are noted during 


routine sonographic evaluation of the kidney in 
the first 2 to 6 postoperative weeks . Lym- 
phoceles are the most common and characteristi- 
cally have multiple thin septations ( ). They 
result from disruption of the donor kidney’s lym- 
phatics at the time of harvesting or from disruption 
of the recipient's lymphatics during dissection of 
the external iliac artery. They usually develop me- 
dial and inferior to the transplant or adjacent to 
the pelvic sidewall. Because the sonographic charac- 
teristics of all peritransplant collections are nonspe- 
cific, ultrasound-guided percutaneous aspiration 
maybe necessary to exclude urinary leak. Lympho- 
celes are rich in protein and cholesterol and have 
a creatinine level equal to serum. When small 
they may not necessarily require therapy, but 
30% cause symptoms or ureteral compression 
( ), requiring drainage and sclerosis 

Urinomas (see ) vary in size and are most 
commonly noted between the transplant and the 
bladder, but may present in atypical locations, 
such as the thigh, scrotum, or labia [3]. On sonog- 
raphy, they are usually well-defined anechoic fluid 
collections without septations. Drainage is often 
performed under US guidance because of a high 
tisk for secondary infection attributable to immu- 
nosuppression. Urinomas have a high creatinine 
level that distinguishes them from other pelvic fluid 
collections. Large urinomas may rupture, producing 
urinary ascites 


Lymphocele contributing to hydronephrosis. (A) Gray-scale image obtained 10 weeks after transplanta- 
tion in a patient who had rising creatinine demonstrates hydronephrosis secondary to compression of the prox- 
imal ureter by a lymphocele. (L, lymphocele; C, extrarenal collection which proved to be a lymphocele; P, dilated 
renal pelvis). The hydronephrosis did not completely resolve after drainage of the collection indicating that the 
obstruction was in part attributable to other factors. (B) Subsequent percutaneous nephrostomy revealed 
a poorly funneled ureteropelvic junction (UPJ) with sluggish drainage of contrast material from the pelvis 
into the ureter, characteristic of a congenital UPJ obstruction. The UPJ obstruction likely only became urody- 
namically significant as urine flow rates increased in the setting of improving renal function in the postoperative 


period. 


Small crescent-shaped peritransplant collections 
surrounding the kidney transplant (see Fig. 2A), 
representing small hematomas or seromas, are al- 
most considered an expected finding in the imme- 
diate postoperative period [|2]. Acute hematomas 
tend to be more complex, echogenic, and solid ap- 
pearing, whereas seromas and resolving hemato- 
mas are more cystic. Small collections do not 
require therapy; enlarging collections raise concern 
for an abscess or underlying vascular injury. Peri- 
transplant abscesses are an uncommon complica- 
tion and are most likely in the first few weeks 
after transplantation. They may occur secondary 
to development of transplant pyelonephritis or bac- 
terial seeding of an adjacent lymphocele, hema- 
toma, or urinoma. Patients are at risk secondary 
to immunosuppression, indwelling catheters, and 
frequent glycosuria. Abscesses tend to have a com- 
plex, cystic appearance on sonography and are in- 
distinguishable from other complex peritransplant 
collections unless they contain gas. 


Summary 


Sonography is an important imaging technique in 
the evaluation of patients who have had renal trans- 
plantation. Sonographic examination can detect 
many of the potential urologic and vascular surgical 
complications that occur in the early postoperative 
period and threaten graft viability. Sonography is 
often able to guide diagnostic and therapeutic 
interventions when these complications are noted. 
Additionally, sonography provides an excellent 
noninvasive way to monitor the graft for late com- 
plications, such as renal artery stenosis. 


Acknowledgments 


The authors thank Andrea Kaldrovics for assistance 
preparing the figures. 


References 


[1] Brown ED, Chen MYM, Wolfman NT, et al. Com- 
plications of renal transplantation: evaluation 
with US and radionuclide imaging. Radio- 
graphics 2000;20:607-22. 

[2] Akbar SA, Jafri SZ, Amendola MA, et al. Compli- 
cations of renal transplantation. Radiographics 
2005;25:1335-56. 

[3] Baxter GM. Ultrasound of renal transplantation. 
Clin Radiol 2001;56:802-18. 

[4] Sandhu C, Patel U. Renal transplantation dys- 
function: the role of interventional radiology. 
Clin Radiol 2002;57:772-83. 

[5] Pozniak MA, Dodd GD III, Kelcz F. Ultrasono- 
graphic evaluation of the renal transplant. Radiol 
Clin North Am 1992;30:1053-66. 


Sonographic Evaluation of the Renal Transplant 


[6] Friedewald SM, Molmenti EP, Friedewald JJ, et al. 

Vascular and nonvascular complications of renal 

transplants: sonographic evaluation and correla- 

tion with other imaging modalities, surgery and 
pathology. J Clin Ultrasound 2005;33:127-39. 

Basaran O, Moray G, Emiroglu R, et al. Graft and 

patient outcomes among recipients of renal 

grafts with multiple arteries. Transplant Proc 
2004;36:102-4. 

[8] Mancini M, Mainenti PP, Speranza A, et al. Accu- 

racy of sonographic volume measurements of 

kidney transplant. J Clin Ultrasound 2006;34: 

184-9. 

Khosroshahi HT, Tarzamni M, Oskuii RA. Dopp- 

ler ultrasonography before and 6 to 12 months 

after kidney transplantation. Transplant Proc 
2005;37:2976-81. 

[10] Li J, Ji Z, Cai S, et al. Evaluation of severe trans- 
plant renal artery stenosis with Doppler sonogra- 
phy. J Clin Ultrasound 2005;33:261-9. 

[11] de Morais RH, Muglia VE Mamere AE, et al. Du- 
plex Doppler sonography of transplant renal ar- 
tery stenosis. J Clin Ultrasound 2003;31:135-41. 

[12] Hillburn MD, Bude RO, Murphy KJ, et al. Renal 
transplant evaluation with power Doppler ultra- 
sound. Br J Radiol 1997;70:39-42. 

[13] Sidhu MK, Gambir S, Jeffrey RB Jr, et al. Power 
Doppler imaging of acute renal transplant rejec- 
tion. J Clin Ultrasound 1999;27:171-5. 

[14] Chudek J, Kolonko A, Krol R, et al. The intrare- 
nal resistance parameters measured by duplex 
Doppler ultrasound shortly after kidney trans- 
plantation in patients with immediate, slow and 
delayed graft function. Transplant Proc 2006;38: 
42-5. 

[15] Datta R, Sandhu M, Saxena AK, et al. Role of du- 
plex Doppler and power Doppler sonography in 
transplanted kidneys with acute renal parenchy- 
mal dysfunction. Australas Radiol 2005;49: 
15-20. 

[16] Cochlin DLL, Wake A, Salaman JR, et al. Ultra- 
sound changes in the transplant kidney. Clin Ra- 
diol 1988;39:373-6. 

[17] Hollenbeck M, Hilbet N, Meusel F et al. Increas- 
ing sensitivity and specificity of Doppler sono- 
graphic detection of renal transplant rejection 
with serial investigative technique. Clin Investig 
1994;72:609-15. 

[18] Trillaud H, Merville P, Tran L, et al. Colour 
Doppler sonography in early renal transplanta- 
tion following follow-up: resistive index mea- 
surements versus power Doppler sonography. 
AJR Am J Roentgenol 1988;171:1611-5. 

[19] Penn I, Bunson ME. Cancers after cyclosporine 
therapy. Transplant Proc 1998;20(Suppl 3): 
885-92. 

[20] Kew CE, Lopez-Ben R, Smith JK, et al. Posttrans- 
plant lymphoproliferative disorder localized 
near the allograft in renal transplantation. Trans- 
plantation 2000;69:809-14. 

[21] Jain M, Badwal S, Pandey R, et al. Post-transplant 
lymphoproliferative disorder after live donor 


[7 


[9 


87 


88 


Langer & Jones 


[22] 


[23] 


[24] 


[25] 


[26] 


[27] 


[28] 


[29] 


[30] 


[31] 


[32] 


[33] 


[34] 


renal transplantation. Clin Transpl 2005;19: 
668-73. 

Miller WT Jr, Siegel SG, Montone KT. Posttrans- 
plantation lymphoproliferative disorder: chang- 
ing manifestations of disease in a renal 
transplant population. Crit Rev Diagn Imaging 
1997;36:569-85. 

Lopez-Ben R, Smith JK, Kew CE, et al. Focal post- 
transplantation lymphoproliferative disorder at 
the allograft hilum. AJR Am J Roentgenol 2000; 
175:14-7, 1422. 

Bretan PN Jr, Busch MP, Hricak H, et al. Chronic 
renal failure: a significant risk in the develop- 
ment of renal cysts and renal cell carcinoma. 
Cancer 1986;57:1871-9. 

Bakir N, Sluiter WJ, Ploeg RJ, et al. Primary renal 
graft thrombosis. Nephrol Dial Transplant 1996; 
11:140-7. 

Orlic P, Vukas D, Drescik I, et al. Vascular com- 
plications after 725 kidney transplantations dur- 
ing 3 decades. Transplant Proc 2003;35:1381-4. 
Jordan ML, Cook GT, Cardella CJ. Ten years ex- 
perience with vascular complications in renal 
transplantation. J Urol 1982;128:689-92. 
Penny MJ, Nankivell BJ, Disney AP, et al. Renal 
graft thrombosis. A survey of 134 consecutive 
cases. Transplantation 1994;58:565-9. 

Grenier N, Douws C, Morel D, et al. Detection of 
vascular complications in renal allografts with 
color Doppler flow imaging. Radiology 1991; 
178:557-8. 

Dodd GD HI, Tublin ME, Shah A, et al. Imaging 
of vascular complications associated with renal 
transplants. AJR Am J Roentgenol 1991;157: 
449-59. 

Ojo AO, Hanson JA, Wolfe RA, et al. Dialysis 
modality and the risk of allograft thrombosis in 
adult renal transplant recipients. Kidney Int 
1999;55:1952-60. 

Baxter GM, Morley R, Dall B. Acute renal vein 
thrombosis in renal allografts: new Doppler ul- 
trasonic findings. Clin Radiol 1991;43:125-7. 
Baxter GM, Ireland H, Moss JG, et al. Colour 
Doppler ultrasound in renal transplant artery 
stenosis: which Doppler index? Clin Radiol 
1995;50:618-22. 

Gottlieb RH, Lieberman JL, Pabico RC, et al. Di- 
agnosis of renal artery stenosis in transplanted 
kidneys: value of Doppler waveform analysis of 
intrarenal arteries. AJR Am J Roentgenol 1995; 
65:1441-6. 


[35] 


[36] 


[37] 


[38] 


[39] 


[40] 


[41] 


[42] 


[43] 


[44] 


[45] 


[46] 


[47] 


Loubeyre P, Abidi H, Cahen R, et al. Trans- 
planted renal artery: detection of stenosis with 
color Doppler US. Radiology 1997;203:661-5. 
Patel U, Khaw KK, Highes NC. Doppler ultra- 
sound for the detection of renal transplant artery 
stenosis—threshold peak systolic velocity needs 
to be higher in low-risk or surveillance popula- 
tion. Clin Radiol 2003;58:772-7. 

Thalhammer C, Aschwnden M, Mayr M, et al. 
Duplex sonography after living donor kidney 
transplantation: new insights in the early post- 
operative phase. Ultraschall Med 2006;27: 
141-5. 

Samhan M, Al-Mousawi M, Abdulhalim M, et al. 
Urologic complications after renal translation. 
Transplant Proc 2005;37:3075-6. 

Kocak T, Nane I, Ander H, et al. Urologic and 
surgical complications in 362 consecutive living 
related donor renal transplantations. Urol Int 
2004;72:252-6. 

Karam G, Maillet F, Parant S, et al. Ureteral ne- 
crosis after kidney transplantation: risk factors 
and impact on graft and patient survival. Trans- 
plantation 2004;78:725-9. 

Makisalo H, Eklund B, Salmela K, et al. Urologi- 
cal complications after 2,084 consecutive kidney 
transplantations. Transplant Proc 1997;29: 
152-3. 

Butterwroth PC, Horsburgh T, Veitch PS, et al. 
Urologic complications in renal transplanta- 
tion:impact of a change of technique. Br J Urol 
1997;79:499-502. 

Benoit G, Blanchet P, Eschwege P, et al. Insertion 
of double pigtail ureteral stent for the prevention 
of urological complications in renal transplanta- 
tion: a prospective randomized study. J Urol 
1996;156:881-4. 

Matthew TH, Kincaid-Smith P, Vikraman P. Risks 
of vesicoureteral reflux in the transplanted kid- 
ney. N Engl J Med 1997;297:414-8. 
Challacombe B, Dasgupta P, Tiptaft R, et al. Mul- 
timodal management of urolithiasis in renal 
transplantation. BJU Int 2005;96:385-9. 

Khauli RB, Stoff JS, Lovewell T, et al. Post-trans- 
plant lymphoceles: a critical look into risk fac- 
tors, pathophysiology and management. J Urol 
1993;150:22-6. 

Dubeaux VT, Oliveira RM, Moura VJ, et al. As- 
sessment of lymphoceles incidence following 
450 renal transplantations. Int Braz J Urol 
2004;30:18-21. 


ELSEVIER 
SAUNDERS 


ULTRASOUND 
CLINICS 


Sonography of Pediatric Renal 


Tumors 


Harriet J. Paltiel, MD 


m Normal sonographic anatomy of the 
pediatric kidney 
= Renal tumors 
Wilms’ tumor 


Nephroblastomatosis 
Renal cell carcinoma 

Clear cell sarcoma 
Malignant rhabdoid tumor 
Medullary carcinoma 


Ultrasonography (US) plays a crucial role in the 
imaging investigation of pediatric renal tumors be- 
cause it is easily performed without the need for se- 
dation or ionizing radiation. Gray-scale imaging 
can readily differentiate solid from cystic lesions. 
Color Doppler US with spectral analysis is used to 
evaluate the integrity of the renal vasculature. 
Once a solid lesion is demonstrated and a malignant 
neoplasm is suspected, cross-sectional imaging with 
CT or MR is performed to better delineate the extent 
of disease. Wilms’ tumor is the most common pedi- 
atric solid renal mass. There are distinct clinical and 
imaging features that aid in differentiating Wilms’ 
tumor from other renal masses of childhood. 


Normal sonographic anatomy 
of the pediatric kidney 


Renal size and parenchymal echogenicity vary with 
patient age. The most commonly used measure- 
ment of size is the upper to lower pole length |1]. 
Renal length measurements obtained with the pa- 
tient in a supine or in a contralateral decubitus po- 
sition tend to be slightly higher than those obtained 
with the patient prone [2]. 


Renal lymphoma 
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Renal cortical echogenicity in neonates and in- 
fants tends to be greater than that of older children 
and adults. It is usually the same as or greater than 
the echogenicity of the adjacent liver or spleen 
(Fig. 1A), whereas the renal cortex in older individ- 
uals is hypoechoic relative to these organs (Fig. 1B). 
The increased cortical echogenicity in younger indi- 
viduals is believed to be attributable to an increased 
cellularity and number of cortical glomeruli that 
leads to more acoustical interfaces. In healthy 
term infants renal cortical echogenicity is not usu- 
ally greater than that of the liver or spleen. In con- 
trast, renal cortical echogenicity in premature 
infants is often hyperechoic to these organs 
(Fig. 2). The more premature the infant, the greater 
the likelihood that the renal cortex will be hypere- 
choic [3]. During infancy the renal cortex decreases 
in echogenicity and by 1 year of age it is usually hy- 
poechoic relative to the adjacent liver or spleen [|4]. 

In infants less than 1 year of age the medullary 
pyramids appear more prominent and hypoechoic 
than in older children and adults (Fig. 3). This ap- 
pearance is believed to be because of the larger 
medullary volume and smaller cortical volume in 
infants [4,5]. 
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ig. 1. Normal kidney. (A) Longitudinal sonogram of the normal right kidney in a 20-day-old full term neonate 
demonstrates renal cortex isoechoic to the adjacent hepatic parenchyma. (B) Longitudinal sonogram of a normal 
right kidney in a 5-year-old child demonstrates renal cortex hypoechoic to the adjacent hepatic parenchyma. 


Finally, the renal sinus in neonates and infants is 
less echogenic than in older children and adults be- 
cause of a relative paucity of fat in this location (see- 

5. 1A, 2, 3). The echogenicity of the renal sinus 
increases with age and approaches that of the adult 
by adolescence 

Normally, the renal pelvis measures 10 mm or 
less in anteroposterior diameter and is not 
associated with calyceal dilation . The walls 
of the normal collecting system are not visible. 
Mural thickening suggests the presence of urinary 
tract infection, vesicoureteral reflux, or chronic 
obstruction. 


Normal kidney in a 7-day-old premature infant 
born at a gestational age of 24 weeks. Longitudinal 
sonogram of the right kidney depicts renal cortex 
hyperechoic to the adjacent hepatic parenchyma. 


Renal tumors 


Wilms’ tumor 


Wilms’ tumor represents approximately 6% of all 
childhood tumors and is the most common pediat- 
ric renal malignancy, with an incidence of approxi- 
mately 500/y in the United States. Current 5-year 
survival is greater than 90% . Most Wilms’ tu- 
mors appear within the first 5 years of life, with 
a mean age at diagnosis for boys with unilateral dis- 
ease of 41.5 months compared with 46.9 months 
for girls. For children presenting with bilateral dis- 
ease the mean age at diagnosis is 29.5 months for 
boys and 32.6 months for girls . Wilms’ 
tumor is rare in neonates, with less than 0.16% of 
cases occurring in this age group |11]. Approxi- 
mately 6% of Wilms’ tumors are bilateral. Although 
most Wilms’ tumors are sporadic, approximately 
1% are familial . The mode of inheritance is 
usually dominant with variable 


autosomal 


Normal kidney (between cursors) in an 18-day- 
old infant. Note the prominent hypoechoic medullary 
pyramids. 


penetrance and expressivity { 12]. Extrarenal abnor- 
malities occur in approximately 8% of patients who 
have Wilms’ tumor, including congenital sporadic 
aniridia, and overgrowth disorders, such as hemihy- 
pertrophy [12,13]. Certain genetic syndromes are 
also associated with Wilms’ tumor, including tri- 
somy 18, Beckwith-Wiedemann syndrome, and 
WAGR (Wilms’ tumor, aniridia, genitourinary ab- 
normalities, mental retardation) and Drash (male 
pseudohermaphroditism and progressive glomeru- 
lonephritis) syndromes [10,13]. 

Two locion chromosome 11 have been implicated 
in the development of a minority of Wilms’ tumors, 
locus 11p13 (the WT1 gene), and locus 11p15 (the 
WT2 gene). An abnormal WT1 gene is present in 
patients who have the WAGR and Drash syndromes, 
whereas an abnormal WT2 gene has been identified 
in patients who have Beckwith-Wiedemann syn- 
drome (macroglossia, macrosomia, visceromegaly, 
umbilical hernia or omphalocele, neonatal hypogly- 
cemia) and hemihypertrophy. Additional genetic 
abnormalities have been found on chromosomes 
1, 12, and 8 in other patients who have Wilms’ tu- 
mor, all of which point to a multifactorial cause. Sev- 
eral potential genetic prognostic factors have also 
been identified, including loss of heterozygosity at 
chromosomes 1p and 16q. Children who have loss 
of heterozygosity at 16q seem to be at greater risk 
for relapse and mortality than children who do not 
have this genetic abnormality. According to the fifth 
National Wilms’ Tumor Study (NWTS-5), tumor- 
specific loss of heterozygosity for both chromo- 
somes 1p and 16g, identified in about 5% of patients 
who have favorable-histology Wilms’ tumor, was 
shown to be associated with a significantly increased 
risk for relapse and death [14]. 

Wilms’ tumor is presumed to develop as a result 
of abnormal histogenesis. Renal blastemal tissue is 
believed to be a precursor of Wilms’ tumor. Devel- 
opment of the fetal kidney is complete by 36 weeks 
of gestation, and the kidneys of normal term infants 
contain no residual foci of renal blastema. Nodules 
of renal blastema are found in approximately 15% 
of kidneys harboring Wilms’ tumor, however, and 
are particularly common when the tumor is bilat- 
eral [15,16]. Nephrogenic rests are of two distinct 
types, perilobar and intralobar, distinguished pri- 
marily by their position within the renal lobe. Peril- 
obar rests are confined to the lobar periphery. 
Intralobar nephrogenic rests may be found any- 
where within the renal lobe, in the walls of the 
pyelocalyceal system, and in the renal sinus. 
Nephrogenic blastemal cells arising earlier in gesta- 
tion tend to be situated deeper in the lobe; there is 
an increased association between intralobar neph- 
rogenic rests and subsequent development of 
Wilms’ tumor [17]. Nephrogenic rests are classified 
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into four subtypes based on gross and microscopic 
characteristics: incipient or dormant, regressing or 
sclerosing, hyperplastic, and neoplastic [18]. In 
the NWTS-4 report, 41% of the unilateral and 
99% of the synchronous bilateral Wilms’ tumors 
were associated with the presence of nephrogenic 
rests |17]. In children who have aniridia or the 
Denys-Drash syndrome the lesions are primarily 
intralobar, whereas in children who have hemihy- 
pertrophy or Beckwith-Wiedemann syndrome the 
lesions are mainly perilobar in distribution. 

Histologically, Wilms’ tumor contains epithelial, 
stromal, and blastemal elements. Tumor histology 
is the most important prognostic factor. Favorable 
histology occurs in approximately 90% of all 
tumors, consisting of fairly well-differentiated renal 
tissue with embryonic or abortive glomeruli and 
tubule formation surrounded by spindle cell 
stroma (Fig. 4). The tumor may have components 
of striated muscle, fibrous tissue, cartilage, bone, 
and adipose tissue. Unfavorable histology occurs 
in approximately 10% of tumors, with anaplastic 
features, including variability in size and shape of 
nuclei, enlarged hyperchromatic nuclei, and large 
numbers of mitotic figures (Fig. 5). 

Wilms’ tumor may arise from any portion of the 
kidney. It may be exophytic, but usually expands 
within the renal parenchyma to displace and distort 
the pyelocalyceal system. It is usually solid and has 
a pseudocapsule that separates it from normal renal 
parenchyma. The renal capsule is generally intact; 
rarely, the tumor breaks through the capsule and 
extends into the extrarenal space. Areas of central 
hemorrhage and necrosis may produce a cystic ap- 
pearance. Local metastases to regional lymph nodes 
are frequent. Occasionally there may be urothelial 
spread. Wilms’ tumor may invade the renal vein 
and inferior vena cava. It is important to document 


dominantly epithelial components. Hematoxylin and 
eosin stain. (Courtesy of Antonio Perez-Atayde, MD, 
Boston, MA.) 
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Fig. 5. Unfavorable histology Wilms’ tumor showing 
marked anaplasia with atypical mitoses, nuclear 
pleomorphism, hyperchromatism, and unrest. Hema- 
toxylin and eosin stain. (Courtesy of Antonio Perez- 
Atayde, MD, Boston, MA.) 


venous extension preoperatively as its presence af- 
fects the surgical approach. Distant metastases 
most often occur to the lungs and liver. Renal vein 
extension explains the high frequency (12% to 
20%) of hematogenous lung metastases at diagno- 
sis. Although many lung metastases are detected by 
chest radiography, CT is important to verify the 
presence or absence of small metastases. Pneumo- 
thorax occasionally complicates metastases from 
the anaplastic form of Wilms’ tumor. 

Staging of Wilms’ tumor occurs on the basis of in- 
formation provided by imaging modalities, surgery, 
and pathologic examination. The staging system 
used by the National Wilms’ Tumor Study Group 
(NWTSG) is outlined in Box 1 [9]. 

Imaging of Wilms’ tumor should define the size 
and location of the primary tumor, local spread, 
and sites of distant metastases. Imaging is also 
used for surveillance of people at risk for primary 
or recurrent Wilms’ tumor. Sporadic Wilms’ tumor 
is usually diagnosed by observation of abdominal 
distention and palpation of an abdominal mass. 
Tumors associated with familial transmission and 
genetic syndromes are often detected by screening. 
Screening for Wilms’ tumor in patients who have 
associated syndromes should begin at syndrome di- 
agnosis with serial US every 3 to 4 months up to 5 
to 7 years of age [19,20]. The duration of screening 
depends on the age range of Wilms’ tumor presen- 
tation in the predisposing condition. After the age 
of 5 to 7 years, depending on the particular condi- 
tion under surveillance, screening can be discontin- 
ued because the risk for developing Wilms’ tumor 
decreases significantly [21,22]. 

US is usually the first imaging modality per- 
formed in a child who has a palpable abdominal 
mass. Wilms’ tumor is typically large, sharply mar- 
ginated, and hyperechoic relative to the normal 


Stage | 

Tumor confined to the kidney and completely 
resected. No penetration of the renal capsule 
or involvement of renal sinus vessels. 


Stage II 

Tumor extends beyond the kidney but is com- 
pletely resected (negative margins and 
lymph nodes). At least one of the following 
has occurred: (a) penetration of the renal 
capsule, (b) invasion of the renal sinus ves- 
sels, (c) biopsy of tumor before removal. 


Stage III 
Gross or microscopic residual tumor remains 


postoperatively, including inoperable tumor, 
positive surgical margins, spillage of tumor 
preoperatively or intraoperatively, regional 
lymph node metastases, or transected tumor 
thrombus. 


Stage IV 

Hematogenous metastases or lymph node me- 
tastases outside the abdomen (eg, lung, liver, 
bone, brain). 


Stage V 
Bilateral renal Wilms’ tumors. 


From Dome JS, Perlman EJ, Ritchey ML, et al. Renal 
tumors. In: Pizzo PA, Poplack DG, editors. Principles 
and practice of pediatric oncology. 5th edition. 
Philadelphia: Lippincott Williams & Wilkins; 2006. p. 
915; with permission. 


renal parenchyma. Hypoechoic regions within the 
tumor may be attributable to hemorrhage, necrosis, 
or dilated calyces [23]. Because of the high fre- 
quency of extension of Wilms’ tumor into the renal 
vein, inferior vena cava (IVC), and occasionally the 
right atrium, careful evaluation for tumor thrombus 
using color Doppler US with spectral analysis is 
mandatory. Venous extension is diagnosed when 
an intravascular echogenic focus is identified 
(Fig. 6). Because Wilms’ tumors are usually large, 
however, precise sonographic evaluation of the 
IVC maybe difficult because of marked extrinsic dis- 
placement and compression by the tumor mass. 
This situation may prevent adequate US evaluation 
of venous structures, especially in uncooperative 
children. CT or MR imaging is usually helpful in 
defining vena caval patency (Fig. 7). 

Current treatment of Wilms’ tumor is surgical 
with adjuvant chemotherapy. The opposite kidney 
is explored to exclude synchronous bilateral tumor 
involvement. Radiation therapy may be used after 
surgery. Most oncologists consider that a 2-year 
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g. 6. Wilms’ tumor. (A) Longitudinal sonogram shows a large, echogenic tumor (7) replacing most of the left 
kidney. Residual normal lower pole renal parenchyma is present along the inferior aspect of the tumor (arrow- 
heads). S, spleen. (B) Transverse color Doppler sonogram of the left kidney demonstrates distention of the main 
renal vein by echogenic clot (arrowheads) with associated absence of venous flow. (C) Longitudinal color Dopp- 
ler sonogram of the IVC depicts a large intraluminal clot (between calipers). (D) Contrast-enhanced axial CT 
image at the level of the tumor confirms invasion of the left renal vein (arrowheads) and IVC (asterisk). 


disease-free survival after treatment indicates cure. 
Surgery with supplemental chemotherapy and irra- 
diation has led to a 2-year survival rate of more than 
90% in patients who have favorable histologic fea- 
tures. Mortality remains high in children who have 
unfavorable histologic features. Follow-up imaging 
after treatment includes serial chest CT and abdom- 
inal US, CT, or MR imaging. 


Nephroblastomatosis 


The term nephroblastomatosis refers to the pres- 
ence of multiple or diffuse nephrogenic rests. The 
vast majority of nephrogenic rests regress spontane- 
ously; their incidence in infants is approximately 
100 times greater than that of Wilms’ tumor (1/ 
10,000 infants) [24]. Macroscopic nephrogenic 
rests are usually detected sonographically as hy- 
poechoic masses. Diffuse hyperplastic perilobar 
nephroblastomatosis is a distinct disorder with uni- 
lateral or bilateral renal involvement. The affected 


kidney is massively enlarged but maintains a nor- 
mal configuration because of a peripheral rind of 
abnormal parenchyma (Fig. 8). Sonographically 
the kidney may demonstrate diffusely decreased 
echogenicity with absent corticomedullary differen- 
tiation. MR imaging may be useful in following 
children who have nephroblastomatosis and in 
documenting a transition from nephrogenic rest 
to Wilms’ tumor by alterations in imaging charac- 
teristics and growth [25]. Treatment of nephroblas- 
tomatosis is controversial. Although chemotherapy 
has been advocated by some to control the prolifer- 
ative elements of the nephrogenic rests, there are no 
data to support its efficacy. Others recommend care- 
ful radiologic follow-up of enlarging masses. Ne- 
phrectomy is not performed 


Renal cell carcinoma 


Renal cell carcinoma (RCC) is a malignancy that 
arises from the epithelial cells of the renal tubule. 
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Fig. 7. Wilms’ tumor. (A) Longitudinal sonogram depicts a right renal hilar mass (arrowheads) with associated 
hydronephrosis. (B) Power Doppler sonogram demonstrates marked displacement and distortion of the course 


of the hilar vessels. Patency of the main renal vein could not be determined with certainty. (C) Coronal image 
from an MR angiogram demonstrates superior displacement of the patent right renal vein (arrowhead) by 
the mass (asterisk). The IVC is patent (arrow). Incidental note is made of a duplicated left-sided IVC (open 


arrows). 


Although it accounts for 90% to 95% of renal neo- 
plasms in adults and is the sixth leading cause of 
adult cancer death in the United States [28,29], it 
is rare in the pediatric population, accounting for 
approximately 2.6% of solid renal malignancies in 
children [30]. Wilms’ tumor is approximately 30 
times more common than RCC in childhood [31], 
although their incidence is nearly equal in the 
second decade of life [32]. 


Recent studies have identified significant differ- 
ences in clinical presentation and behavior of 
pediatric RCC compared with its adult counterpart 

36|, along with unique genetic abnormalities 
37-39], an association with neuroblastoma 
and distinct pathologic characteristics 
33|. The mean age at diagnosis is about 10 
years. Unlike RCC in adults, pk is a female, not 
male, predominance [34,3¢ . Presenting signs 


Fig. 8. Nephroblastomatosis. Longitudinal sonograms demonstrate thickening of the renal parenchyma, focally 
on the right (A; arrows) and more diffusely on the left (B; arrows). There is associated loss of normal corticome- 
dullary differentiation. Contrast-enhanced, fat-suppressed axial T1-weighted MR image (C) depicts bilateral 
renal masses in a perilobar distribution (arrows). The masses are hypointense compared with the adjacent 


normal renal parenchyma. 


and symptoms are generally related to the primary 
tumor instead of metastatic disease, and include ab- 
dominal or flank pain, a palpable abdominal mass, 
and hematuria. RCC is associated with von Hippel- 
Lindau syndrome in which the tumors tend to be 
multiple and present at a younger age [32]. There 
also seems to be an association with prior malig- 
nancy [41]. Several authors have reported a higher 
proportion of papillary histology in childhood 
RCC than in adults, in whom clear cell histology 
is predominant [41,42]. 

Pathologically, RCC may be well circumscribed 
by a pseudocapsule or infiltrating, with variable de- 
grees of hemorrhage, necrosis, cystic degeneration, 
and calcification. The tumor invades locally with 
spread to adjacent retroperitoneal lymph nodes. 
Metastases to the lungs, bones, liver, or brain are 
found in approximately 20% of patients at diagno- 
sis [43]. Although RCC tends to be smaller than 
Wilms’ tumor, its gross morphology is similar, 
and the two can be indistinguishable preopera- 
tively. Prognosis depends largely on tumor stage 
at presentation, with an overall 20-year survival of 
55% in a recent series [36]. Both the Robson and 
TNM classifications are used for staging of RCC. Be- 
cause these tumors are usually resistant to 


Sonography of Pediatric Renal Tumors 


chemotherapy, treatment consists of radical ne- 
phrectomy and regional lymphadenectomy. A re- 
cent report noted equivalent survival in patients 
undergoing partial nephrectomy [42]. 

As with Wilms’ tumor, imaging of RCC is used to 
define the size and location of the primary tumor, 
local spread, and sites of distant metastases. Sono- 
graphically the tumors have a variable appearance, 
depending on the presence or absence of necrosis, 
hemorrhage, and calcification. Invasion into the re- 
nal vein and IVC can be documented with gray scale 
and color Doppler US. CT and MR imaging are used 
to document local spread and metastatic disease 


(Fig. 9). 


Clear cell sarcoma 


Clear cell sarcoma of the kidney is a highly malig- 
nant neoplasm with a predilection for bone metas- 
tases. Approximately 20 new cases of clear cell 
sarcoma are diagnosed each year in the United 
States [44]. In a large series of 351 cases, including 
182 patients entered on NWITSG trials 1 to 4, the 
male to female ratio was 2:1. The mean age at diag- 
nosis for the NWTG patients was 36 months with 
a range of 2 months to 14 years |45]. Typical gross 
features included large size with a mean diameter of 


Fig. 9. Renal cell carcinoma. Transverse (A) and sagittal (B) sonograms demonstrate a mildly heterogeneous solid 
mass arising from the lower pole of the right kidney (asterisk). Color Doppler sonogram (C) depicts indentation 
of the IVC (arrows) by the mass (asterisk) without invasion. 
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Fig. 10. Clear cell sarcoma. Sagittal sonogram (A) and T2-weighted axial MR image (B) depict a heterogeneous, 
solid mass arising from the upper pole of the right kidney. 


11.3 cm, mucoid texture, cyst formation, and foci of 
necrosis. Nine major histologic patterns were iden- 
tified with all tumors containing multiple patterns. 
Overall survival was 69% with a 98% survival for 
stage 1 patients. Independent prognostic factors 
for survival include age at diagnosis, stage, tumor 
necrosis, and treatment with doxorubicin. 

Ipsilateral renal lymph nodes are common sites 
of metastatic spread at presentation. Bone metasta- 
ses are the most common mode of relapse followed 
by lung, abdominal/retroperitoneal, brain, and 
liver metastases. Late relapses are not uncommon, 
especially among patients treated with doxorubicin 
[44]. Imaging features are indistinguishable from 
Wilms’ tumor (Fig. 10). 


Malignant rhabdoid tumor 


Malignant rhabdoid tumor of the kidney is a rare, 
aggressive tumor of infancy and early childhood 
that has a high association with primary brain 
tumors and a propensity to metastasize to the brain 


[46,47]. Metastatic spread to the lungs and liver is 
also common. There is a high relapse rate and 
a mortality of more than 80%. Imaging findings 
of malignant rhabdoid tumor tend to be indistin- 
guishable from Wilms’ tumor. Although the charac- 
teristic appearance of a peripheral fluid collection 
attributable to subcapsular hematoma (Fig. 11) 
and a thickened, irregular renal capsule with tumor 
implants has been described, these findings are not 
pathognomonic and may occur in patients who 
have other forms of renal malignancy as well 
[48,49]. Because of the association with primary 
central nervous system tumors, imaging of the brain 
should be performed routinely. 


Medullary carcinoma 


Renal medullary carcinoma is a recently recognized 
tumor with distinctive clinical and pathologic 
features that is believed to arise in collecting duct 
epithelium. Almost all patients who have renal 
medullary carcinoma have sickle cell trait. It has 


Fig. 11. Malignant rhabdoid tumor. Sagittal sonogram (A) of the left flank demonstrates the presence of a large 
fluid collection (asterisk) surrounding the left kidney (between cursors). There is a heterogeneous, hypoechoic 
upper pole renal mass (arrows). (B) The subcapsular hematoma (asterisk) and left upper pole renal tumor (T) are 
well depicted on a contrast-enhanced coronal CT image. Note compression of the renal parenchyma (arrow- 


heads) by the hematoma. 
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Fig. 12. Renal medullary carcinoma arising in a native kidney after renal transplantation. Sagittal sonogram 
(A) depicts a well-circumscribed mass (asterisk) in the upper renal pole of an atrophic right kidney. Axial con- 
trast-enhanced CT image (B) demonstrates the mass within the right kidney (asterisk) with extension into the 


renal pelvis (arrow). 


been postulated that the epithelium of the renal 
papilla undergoes chronic ischemic damage related 
to sickling erythrocytes, and that renal medullary 
carcinoma originates in a setting of chronic regener- 
ation of this damaged epithelium. Renal medullary 
carcinoma is an aggressive tumor that typically 
occurs in young patients between the ages of 10 
and 40 years with a mean age of 22 years. There is 
a male predominance before the age of 24 years, 
after which the tumors occur equally among men 
and women. Abdominal and flank pain, weight 
loss, and gross hematuria are common presenting 
complaints, and some patients present with symp- 
toms of metastatic cancer. A palpable abdominal 
mass is often noted. The tumors typically occupy 
the renal medulla and are poorly circumscribed, 
lobulated, and demonstrate varying degrees of 
hemorrhage and necrosis. Satellite nodules are 
commonly present as is extension into the peri- 
nephric and sinus fat. Microscopically, there are var- 
ious morphologic patterns. The most common is 


a reticular or microcystic growth pattern that resem- 
bles yolk sac tumor of the testis [50,51]. Character- 
istic imaging findings include an infiltrative renal 
mass with associated caliectasis and retroperitoneal 


adenopathy (Fig. 12) [52,53]. 


Renal lymphoma 


Primary lymphoma of the kidney is extremely rare. 
Renal involvement is often present in the terminal 
phases of the disease, however, particularly in the 
setting of non-Hodgkin lymphoma. There may be 
many small renal nodules, large confluent masses, 
or diffuse parenchymal infiltration resulting in bi- 
lateral renal enlargement. Diffuse renal involve- 
ment usually produces a decrease in parenchymal 
echogenicity by US. Lymphomatous nodules may 
appear hypoechoic or anechoic. There may be dis- 
tortion of the renal contours and disruption of nor- 
mal renal architecture (Fig. 13). There is almost 


always coexistent retroperitoneal or mesenteric 
adenopathy [54,55]. 


g. 13. Renal involvement in patient with Burkitt's lymphoma. (A) Sagittal sonogram of the left kidney shows 
loss of normal renal corticomedullary differentiation. There are multiple hypoechoic tumor nodules replacing 
much of the renal parenchyma. (B) Contrast-enhanced axial CT depicts extensive involvement of kidneys, liver, 


and retroperitoneal nodes by lymphoma. 
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Multilocular cystic tumors 


Multilocular cystic renal tumors include two histo- 
logically distinct but otherwise identical lesions: 
multilocular cystic nephroma (multilocular renal 
cyst, cystadenoma) and cystic partially differenti- 
ated nephroblastoma (CPDN) [56,57]. Multilocu- 
lar cystic nephroma is a cystic mass containing 
multiple septa composed entirely of differentiated 
tissues, without blastemal, embryonal, or other 
malignant elements. CPDN is also a multilocular 
lesion without solid or nodular components. Its 
septa contain blastemal or other embryonal cells, 
however. Grossly, multilocular cystic renal tumors 
consist of a solitary, well-circumscribed, multisep- 
tated mass of noncommunicating, fluid-filled cysts 
surrounded by a thick, fibrous capsule. Cyst hernia- 
tion into the renal pelvis has been described [58]. 

Multilocular cystic tumors mainly affect boys in 
early childhood, in whom a substantial portion of 
lesions contain embryonal elements (CPDN), and 
women, whose lesions commonly contain only 
mature cells (multilocular cystic nephroma). Chil- 
dren who have multilocular cystic renal tumors 
present with a painless abdominal mass. Symptoms 
(pain, hematuria, urinary tract infection) are more 
common in adults. 

Multilocular cystic nephroma and CPDN cannot 
be distinguished by imaging. On US, the tumor 
usually consists of multiseptated, cystic mass. Le- 
sions with small cysts and numerous acoustic inter- 
faces may resemble a solid mass, however [59]. On 
CT and MR imaging the septa demonstrate en- 
hancement after contrast administration. The atten- 
uation of the cyst contents is similar to water by CT, 
whereas MR imaging demonstrates variable signal 
intensity, presumably because of differing concen- 
trations of protein and blood products (Fig. 14) 
[56,60,61]. 


The histogenesis of multilocular cystic renal tu- 
mors is unknown. Most authorities consider the 
neoplasms to be benign equivalents of nephroblas- 
toma or hamartoma |62]. It is highly unlikely that 
they represent congenital cystic dysplasia. It is 
impossible to distinguish accurately, by imaging 
alone, a benign multilocular cystic nephroma 
from CPDN or from multilocular cystic nephroma 
containing foci of renal blastema, Wilms’ tumor, 
or renal cell carcinoma. The presence of thick or ir- 
regular septa on examination with US, CT, or MR 
imaging is suggestive of CPDN [63]. This type of 
multilocular nephroma frequently contains blaste- 
mal elements within the cyst wall and is considered 
a cystic variant of Wilms’ tumor. Demonstration of 
fine, linear septa by imaging suggests benignity. The 
treatment of multilocular cystic nephroma, with or 
without Wilms’ tumor or blastemal elements, is ne- 
phrectomy. Regular postoperative surveillance is ad- 
vised in patients who have the CPDN variant [57]. 


Congenital mesoblastic nephroma 


Congenital mesoblastic nephroma (mesenchymal 
hamartoma) is the most common neonatal renal 
neoplasm [64,65]. It is almost always discovered 
during the first few months of life, although rarely 
it is detected in older children or even adults. Occa- 
sionally it is detected as a solid renal mass in utero, 
and may be associated with polyhydramnios, hy- 
drops fetalis, or dystocia [66]. The neonate usually 
presents with a large, nontender abdominal mass 
with no other abnormalities. Hematuria is occa- 
sionally present. The mean age at diagnosis is 
3.4 months and there is a 2:1 male predominance 
[67]. In the past it was believed that Wilms’ tumor 
occurring in neonates had a better prognosis than 
in older children. In fact, most solid renal tumors 
presenting in the first weeks of life are benign 


Fig. 14. Multilocular cystic nephroma in a 6-month-old boy. Sagittal sonogram of the left kidney (A) depicts a cys- 
tic upper pole mass containing numerous delicate septa. Axial CT (B) demonstrates a low-attenuation cystic mass 


with very faintly enhancing septa. 


mesoblastic nephromas |65|. Mesoblastic nephroma 
is distinguished from Wilms’ tumor by its earlier 
presentation, distinct histologic features, and 
more favorable outcome. 

Pathologically the typical lesion is an unencapsu- 
lated mass with a whorled appearance on cut section 
that resembles a uterine fibroid. The tumor margins 
blend imperceptibly with normal renal parenchyma 
and may penetrate the renal capsule with extension 
into the perinephric space or retroperitoneum. 
Mesoblastic nephroma is histologically benign and 
does not invade the renal pedicle, extend into the re- 
nal pelvis, or metastasize to remote sites. Local recur- 
rence may result from capsular penetration or 
incomplete resection. Hemorrhage and necrosis 
are uncommon, although the neoplasm may show 
grossly cystic changes, especially at the junction of 
the tumor and uninvolved kidney. Microscopically 
mesoblastic nephroma consists of benign-appearing 
spindle cells. The histologic appearance is so distinc- 
tive that it is considered a unique hamartomatous le- 
sion unrelated to Wilms’ tumor [68]. At the interface 
with normal kidney, sheets of spindle cells grow be- 
tween intact nephrons. Foci of calcification may be 
present. A subgroup of patients has a form of 
mesoblastic nephroma that is highly cellular with 
an extremely large number of mitotic cells and occa- 
sional aggressive behavior, including local recur- 
rence and distant metastases [69]. 

US usually demonstrates a large, echogenic mass 
that is either homogeneous in echotexture or het- 
erogeneous as a result of hemorrhage or necrosis 
(Fig. 15). A distinctive sonographic “ring sign” has 
been described in some tumors |70]. Differentia- 
tion between mesoblastic nephroma and a rare 
neonatal Wilms’ tumor is not generally possible 
based solely on imaging features, however. Imaging 
also cannot differentiate between a typical meso- 
blastic nephroma and the potentially more aggres- 
sive cellular form of the tumor. 

The prognosis after compete surgical removal is 
excellent in most patients. In children who have 
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the cellular form of mesoblastic nephroma, the 
age at diagnosis determines prognosis. Patients un- 
dergoing resection when they are younger than 
3 months of age are less likely to develop local re- 
currence or metastatic disease than older children 
[69]. Chemotherapy and radiation are therefore 
generally reserved for children older than 3 months 
of age who have extensive local tumor metastases or 
recurrent disease [67,69]. 


Angiomyolipoma 

Angiomyolipoma is a benign tumor that consists 
histologically of a disordered arrangement of fatty, 
vascular, and smooth muscle elements. Two types 
of angiomyolipoma have been described: isolated 
angiomyolipoma and angiomyolipoma associated 
with tuberous sclerosis. Isolated angiomyolipoma, 
which occurs sporadically, is often solitary and ac- 
counts for 80% of the tumors. Mean patient age 
at presentation is 43 years, and is approximately 
four times more common in women than in men. 
Angiomyolipoma associated with tuberous sclero- 
sis accounts for 20% of the tumors; these lesions 
are typically larger than isolated angiomyolipoma 
and are often multiple and bilateral. Angiomyoli- 
pomas occur in 80% of patients who have tuberous 
sclerosis. The sex distribution of angiomyolipoma 
in patients who have tuberous sclerosis is closer to 
being equal, although females still outnumber 
males in prevalence |71]. 

In childhood, angiomyolipoma is rare in the ab- 
sence of tuberous sclerosis. In contrast, 80% of chil- 
dren who have tuberous sclerosis develop 
angiomyolipomas by the age of 10 years |72]. In 
patients who have tuberous sclerosis, angiomyoli- 
pomas tend to be bilateral and multiple. Although 
classified as benign tumors, they may be locally ag- 
gressive, replacing renal parenchyma and extending 
into prevertebral tissues and local lymph nodes. 

Symptoms are related to the development of 
intratumoral aneurysmal hemorrhage. Tumors less 
than 4 cm in diameter are generally asymptomatic. 


Fig. 15. Mesoblastic nephroma. Sagittal (A) and transverse (B) sonograms demonstrate a mildly heterogeneous 
solid mass (between cursors) arising from the upper pole of the right kidney. 


99 


100  Paltiel 
E 


Tumors larger than 4 cm in diameter are more likely 
to undergo spontaneous hemorrhage resulting in 
hematuria and flank or abdominal pain [73]. Occa- 
sionally life-threatening hemorrhage may occur 
[74]. 

The imaging appearance of angiomyolipoma de- 
pends on the type and relative amount of histologic 
elements present within a particular tumor. By US, 
angiomyolipomas usually appear as multiple small 
hyperechoic renal cortical foci without associated 
distal shadowing. Less commonly they may replace 
the entire renal cortex, resulting in a diffusely echo- 
genic appearance of the parenchyma with loss of 
corticomedullary differentiation, or appear as a sol- 
itary intrarenal mass. CT and MR imaging are diag- 
nostic when fat is identified within the lesion 
(Fig. 16) [75,76]. Angiomyolipomas may be cystic 
rather than solid [77] and may occasionally be 
numerous enough to cause renal failure. 

Currently, US evaluation of patients who have tu- 
berous sclerosis is recommended every 2 to 3 years 
before puberty and yearly thereafter to identify en- 
larging lesions |72]. Embolization, partial nephrec- 
tomy, or other treatments, such as cryotherapy and 
radiofrequency ablation, can be performed in 
symptomatic patients |78]. 


Ossifying renal tumor of infancy 


Ossifying renal tumor of infancy is an extremely rare 
benign neoplasm with distinct imaging and mor- 
phologic features [64,79,80]. These tumors are 
attached to the renal medulla and develop predom- 
inantly within the pyelocalyceal system. Histologi- 
cally, three major components are identified: an 
osteoid core, osteoblasts within and at the periphery 
of the core, and spindle cells. The proportions of 
these components vary, although the relative 


amount of osteoid tends to increase with increasing 
age of the patient. Investigators have suggested that 
this tumor is related to intralobar nephrogenic rests. 
Most reported cases have presented with gross he- 
maturia. Intravenous urography reveals dilation 
and distortion of the collecting system with filling 
defects or minimal obstruction. Ossifying renal tu- 
mor of infancy may be confused with a staghorn 
calculus. US shows an echogenic mass containing 
calcifications or stones. CT demonstrates a well- 
defined mass with minimal contrast enhancement 
(Fig. 17). Treatment consists of surgical excision. 
Chemotherapy and radiotherapy are unnecessary. 


Metanephric neoplasms 


Metanephric neoplasms represent a spectrum of 
differentiated lesions that seem to be related to 
Wilms’ tumor. These tumors include a pure epithe- 
lial lesion (metanephric adenoma), a pure stromal 
lesion (metanephric stromal tumor), and a mixed 
epithelial-stromal lesion (metanephric adeno- 
fibroma). The continuity of these lesions with 
Wilms’ tumor has been demonstrated best in the 
epithelial lesions. The relationship of Wilms’ tu- 
mor, metanephric adenofibroma with mitoses or 
combined metanephric fibroma/Wilms’ tumor le- 
sions, and usual metanephric fibroma or usual 
metanephric adenoma has been viewed as analo- 
gous to that of neuroblastoma, differentiating neu- 
roblastoma, and ganglioneuroma, in which 
progressively more mature or differentiated coun- 
terparts of malignant embryonal lesions are associ- 
ated with a greater probability of benign clinical 
behavior [81-84]. Metanephric adenoma also has 
morphologic similarities to papillary renal cell neo- 
plasms but is distinguished from them by genetic 
markers. Although the overwhelming majority of 


Fig. 16. Thirteen-year-old boy with tuberous sclerosis and seizures. (A) Sagittal sonogram of the right kidney 
reveals the presence of innumerable small cortical echogenic foci corresponding to angiomyolipomas. (B) Axial 
T1-weighted MR image of the brain shows enhancing bilateral subependymal nodules and right frontal tuber. 
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Fig. 17. Ossifying renal tumor of infancy. (A) Coronal sonogram reveals an echogenic, shadowing mass in the 
mid- and lower left kidney (arrows) with associated upper pole hydronephrosis (arrowheads). (B) Contrast- 
enhanced axial CT image depicts the calcified tumor within the left renal pelvis. 


metanephric neoplasms are benign, malignant 
transformation has been described. Genetic predic- 
tors of malignant transformation are as yet 
unknown. 

Patients who have metanephric neoplasms may 
present with polycythemia, hypertension, or 


hematuria. Tumor size is variable, ranging from 
0.3 to 15 cm. On gross pathologic examination, tu- 
mors are usually solitary and unencapsulated. 
Metanephric adenoma usually occurs in the renal 
cortex, whereas metanephric stromal tumor and 
metanephric adenofibroma are usually centered in 


t 


Fig. 18. Metanephric adenoma. (A) Longitudinal sonogram demonstrates an echogenic mass of the mid-left 
kidney. (B) Unenhanced axial CT image through mid-left kidney reveals a hyperdense mass. (C) The tumor is 
hypointense to the adjacent normal renal parenchyma on T2-weighted MR imaging. Small hyperintense foci cor- 
respond to cystic areas within the tumor. (Adapted from Amodio JB, Shapiro E, Pinkney L, et al. Metanephric 
adenoma in an 8-year-old child: case report and review of the literature. J Pediatr Surg 2005;40:E25-8; with 


permission.) 
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the medulla. Because of the occasional association 
with Wilms’ tumor or low-grade renal cell carci- 
noma, complete resection is indicated. 

The imaging features of metanephric tumors 
have been described in a few cases [85-90]. By US 
these tumors appear as sharply defined solid masses 
that are either hypoechoic or hyperechoic to nor- 
mal parenchyma. A single report noted decreased 
perfusion by power Doppler imaging relative to 
normal parenchyma [86]. On unenhanced CT tu- 
mors may be iso- or hyperdense relative to normal 
renal parenchyma, and are hypointense on T1 and 
T2-weighted MR imaging (Fig. 18). They may dem- 
onstrate enhancement after contrast administra- 
tion, but generally to a lesser degree than normal 
renal parenchyma. 


Summary 


US plays a vital role in the investigation and charac- 
terization of renal masses in children because of its 
ease of performance and the absence of ionizing 
radiation or need for iodinated contrast material, 
sedation, or prolonged immobilization. Cystic and 
solid lesions are easily differentiated and the integ- 
rity of the renal vasculature is readily assessed. 


References 


[1] Rosenbaum DM, Korngold E, Teele RL. Sono- 
graphic assessment of renal length in normal 
children. AJR Am J Roentgenol 1984;142:467-9. 
Carrico CW, Zerin JM. Sonographic measure- 
ment of renal length in children: does the posi- 
tion of the patient matter? Pediatr Radiol 1996; 
26:553-5. 

Cramer BC, Jequier S, de Chadarevian JP. Factors 
associated with renal parenchymal echogenicity 
in the newborn. J Ultrasound Med 1986;5: 
633-8. 

[4] Vade A, Lau P, Smick J, et al. Sonographic renal 
parameters as related to age. Pediatr Radiol 
1987;17:212-5. 

Han BK, Babcock DS. Sonographic measure- 
ments and appearance of normal kidneys in chil- 
dren. AJR Am J Roentgenol 1985;145:611-6. 
Davey MS, Zerin JM, Reilly C, et al. Mild renal 
pelvic dilatation is not predictive of vesicoure- 
teral reflux in children. Pediatr Radiol 1997;27: 
908-11. 

Walsh G, Dubbins PA. Antenatal renal pelvis di- 
latation: a predictor of vesicoureteral reflux? AJR 
Am J Roentgenol 1996;167:887-90. 

Erlich PF. Wilms tumor: progress to date and 
future considerations. Expert Rev Anticancer 
Ther 2001;1:555-64. 

Beckwith JB. National Wilms’ tumor study: an 
update for pathologists. Pediatr Dev Pathol 
1998;1:79-84. 


[2 


[3 


[5 


[6 


[7 


[8 


[9 


[10] Dome JS, Perlman EJ, Ritchey ML, et al. Renal 
tumors. In: Pizzo PA, Poplack DG, editors. Prin- 
ciples and practice of pediatric oncology. 5th 
edition. Philadelphia: Lippincott Williams & 
Wilkins; 2006. p. 905-32. 

[11] Charles AK, Vujanic GM, Berry PJ. Renal tumours 
of childhood. Histopathology 1998;32:293-309. 

[12] Matsunanga E. Genetics of Wilms tumor. Hum 
Genet 1981;57:231-46. 

[13] White KS, Grossman H. Wilms’ and associated 
renal tumors of childhood. Pediatr Radiol 
1991;21:81-8. 

[14] Grundy PE, Telzerow PE, Breslow N, et al. Loss of 
heterozygosity for chromosomes 16q and 1p in 
Wilms’ tumors predicts an adverse outcome. 
Cancer Res 1994;54:2331-3. 

[15] Crist WM, Kun LE. Common solid tumors of 
childhood. N Engl J Med 1991;324:461-71. 

[16] Malcolm AW, Jaffe N, Folkman MJ, et al. Bilateral 
Wilms tumor. Int J Radiat Oncol Biol Phys 1980; 
6:167-74. 

[17] Beckwith JB, Kiviat NB, Bonadio JF. Nephrogenic 
rests, nephroblastomatosis, and the pathogene- 
sis of Wilms tumor. Pediatr Pathol 1990;10: 
1-36. 

[18] Beckwith JB. Precursor lesions of Wilms tumor: 
clinical and biological implications. Med Pediatr 
Oncol 1993;21:158-68. 

[19] Scott RH, Walker L, Olsen @E, et al. Surveillance 
for Wilms tumour in at-risk individuals—prag- 
matic recommendations for best practice. Arch 
Dis Child 2006;91:995-9. 

[20] McNeil DE, Brown M, Ching A, et al. Screening for 
Wilms tumor and hepatoblastoma in children with 
Beckwith-Wiedemann syndromes: a cost-effective 
model. Med Pediatr Oncol 2001;37:349-56. 

[21] Lonergan GJ, Martinez-Leon MI, Agrons GA, 
et al. Nephrogenic rests, nephroblastomatosis, 
and associated lesions of the kidney. Radio- 
graphics 1998;18:947-68. 

[22] Beckwith JB. Children at increased risk for Wilms 
tumor: monitoring issues. J Pediatr 1998;132: 
377-9. 

[23] Lowe LH, Isuani BH, Heller RM, et al. Pediatric 
renal masses: Wilms tumor and beyond. Radio- 
graphics 2000;20:1585-603. 

[24] Bennington JL, Beckwith JB. Tumors of the kid- 
ney, renal pelvis, and ureter. In: Atlas of tumor 
pathology, 2nd series, fascicle 12. Washington, 
DC: Armed Forces Institute of Pathology; 1975. 
p. 31-91. 

[25] Gylys-Morin V, Hoffer FA, Kozakewich H, et al. 
Wilms’ tumor and nephroblastomatosis: imag- 
ing characteristics by gadolinium-enhanced MR 
imaging. Radiology 1993;188:517-21. 

[26] Laberge JM. Nephroblastomatosis update. Med 
Pediatr Oncol 2003;41:96-7. 

[27] Prasil P, Laberge JM, Bond M, et al. Management 
decisions in children with nephroblastomatosis. 
Med Pediatr Oncol 2000;35:429-32. 

[28] Curti BD. Renal cell carcinoma. JAMA 2004;292: 
97-100. 


[29] 


[30] 


[31] 


[32] 


[33] 


[34] 


[35] 


[36] 


[37] 


[38] 


[39] 


[40] 


[41] 


[42] 


[43] 


[44] 


[45] 


Chow WH, Devesa SS, Warren JL, et al. Rising in- 
cidence of renal cell cancer in the United States. 
JAMA 1999;281:1628-31. 

Bernstein L, Linet M, Malcolm A, et al. Cancer 
incidence and survival among children and ado- 
lescents 1975-1995. SEER pediatric monograph. 
Available at: http://seer.cancer.gov/publications/ 
childhood/renal.pdf. Accessed March 5, 2007. 
Lack EE, Cassady JR, Sallan SE. Renal cell carci- 
noma in childhood and adolescence: a clinical 
and pathological study of 17 cases. J Urol 
1985;133:822-8. 

Hartman DS, Davis CJ Jr, Madewell JE, et al. Pri- 
mary malignant renal tumors in the second 
decade of life: Wilms tumor versus renal cell 
carcinoma. J Urol 1982;127:888-91. 

Geller JI, Dome JS. Local lymph node involve- 
ment does not predict poor outcome in pediatric 
renal cell carcinoma. Cancer 2004;101:1575-83. 
Carcao MD, Taylor GP, Greenberg ML, et al. 
Renal-cell carcinoma in children: a different dis- 
order from its adult counterpart? Med Pediatr 
Oncol 1998;31:153-8. 

Asanuma H, Nakai H, Takeda M, et al. Renal cell 
carcinoma in children: experience at a single 
institution in Japan. J Urol 1999;162:1402-5. 
Indolfi P, Terenziani M, Casale F, et al. Renal cell 
carcinoma in children: a clinicopathologic study. 
J Clin Oncol 2003;21:530-5. 

Bruder E, Passera O, Harms D, et al. Morpho- 
logic and molecular characterization of renal 
cell carcinoma in children and young adults. 
Am J Surg Pathol 2004;28:1117-32. 

Zambrano E, Reyes-Mugica M. Renal cell carci- 
noma with t(X;17): singular pediatric neoplasm 
with specific phenotype/genotype features. 
Pediatr Dev Pathol 2003;6:84-7. 

Renshaw AA. Pediatric renal cell carcinomas: 
where do they fit in the new histologic classifica- 
tion of renal cell carcinoma? Adv Anat Pathol 
2000;7:135-40. 

Fleitz JM, Wootton-Gorges SL, Wyatt-Ashmead J, 
et al. Renal cell carcinoma in long-term survivors 
of advanced stage neuroblastoma in early child- 
hood. Pediatr Radiol 2003;33:540-55. 

Estrada CR, Suthar AM, Eaton SH, et al. Renal 
cell carcinoma: Children’s Hospital Boston expe- 
rience. Urology 2005;66:1296-300. 

Cook A, Lorenzo AJ, Salle JL. Pediatric renal cell 
carcinoma: single institution 25-year case series 
and initial experience with partial nephrectomy. 
J Urol 2006;175:1456-60. 

Geller E, Smergel EM, Lowry PA. Renal neo- 
plasms of childhood. Radiol Clin North Am 
1997;35:1391-413. 

Beckwith JB. Renal tumors. In: Stocker JT, 
Askin FB, editors. Pathology of solid tumors in 
children. New York: Chapman & Hall Medical; 
1998. p. 1-23. 

Argani P, Perlman EJ, Breslow NE, et al. Clear cell 
sarcoma of the kidney (CCSK): a review of 351 
cases from the National Wilms’ Tumor Study 


Sonography of Pediatric Renal Tumors 103 
ee 


Group Pathology Center. Am J Surg Pathol 
2000;24:4-18. 

[46] Weeks D, Beckwith J, Mierau G, et al. Rhabdoid 
tumor of the kidney: a report of 111 cases from 
the National Wilms’ Tumor Study Pathology 
Center. Am J Surg Pathol 1989;13:439-58. 

[47] Rorke LB, Packer R, Biegel J. Central nervous 
system atypical teratoid/rhabdoid tumors of 
infancy and childhood. J Neurooncol 1995;24: 
21-8. 

[48] Sisler CL, Siegel MJ. Malignant rhabdoid tumor 
of the kidney: radiologic features. Radiology 
1989;172:211-2. 

[49] Agrons GA, Kingsman KD, Wagner BJ, et al. 
Rhabdoid tumor of the kidney in children: 
a comparative study of 21 cases. AJR Am J Roent- 
genol 1997;168:447-51. 

[50] Steele EL, MacLennan GT. Renal medullary carci- 
noma. J Urol 2005;174:1449. 

[51] Davis CJ, Mostofi FK, Sesterhenn IA. Renal med- 
ullary carcinoma. Am J Surg Pathol 1995;19: 
1-11. 

[52] Davidson AJ, Choyke PL, Hartman DS, et al. Re- 
nal medullary carcinoma associated with sickle 
cell trait: radiologic findings. Radiology 1995; 
195:83-5. 

[53] Blitman NM, Berkenblit RG, Rozenblit AM, et al. 
Renal medullary carcinoma: CT and MRI fea- 
tures. AJR Am J Roentgenol 2005;185:262-72. 

[54] Weinberger E, Rosenbaum DM, Pendergrass TW. 
Renal involvement in children with lymphoma: 
comparison of CT with sonography. AJR Am 
J Roentgenol 1990;155:347-9. 

[55] Fernbach SK, Glass RB. Uroradiographic mani- 
festations of Burkitt's lymphoma in children. 
J Urol 1986;135:986-8. 

[56] Agrons GA, Wagner BJ, Davidson AJ, et al. Multi- 
locular cystic renal tumor in children: radiologic- 
pathologic correlation. Radiographics 1995;15: 
653-69. 

[57] Joshi VV, Beckwith JB. Multilocular cyst of the 
kidney (cystic nephroma) and cystic partially dif- 
ferentiated nephroblastoma. Cancer 1989;64: 
366-79. 

[58] Madewell JE, Goldman SM, Davis CJ, et al. Mul- 
tilocular cystic nephroma: a radiographic-patho- 
logic correlation of 58 patients. Radiology 1983; 
146:309-21. 

[59] Banner MP, Pollack HM, Chatten J, et al. Multi- 
locular renal cysts: radiologic-pathologic correla- 
tion. AJR Am J Roentgenol 1981;136:239-47. 

[60] Abara OE, Liu P, Churchill BM, et al. Magnetic 
resonance imaging of cystic, partially differenti- 
ated nephroblastoma. Urology 1990;36:424-7. 

[61] Dikengil A, Benson M, Sanders L, et al. MRI of 
multilocular cystic nephroma. Urol Radiol 
1988;10:95-9. 

[62] McAlister WH, Siegel MJ, Askin FB, et al. Multi- 
locular renal cysts. Urol Radiol 1979;1:89-92. 

[63] Kirks DR, Kaufman RA, Babcock DS. Renal neo- 
plasms in infants and children. Semin Roentgenol 
1987;22:292-302. 


104  Paltiel 


[64] 


[65] 


[66] 


[67] 


[68] 


[69] 


[70] 


[71] 


[72] 


[73] 


[74] 


[75] 


[76] 


[77] 


[78] 


Glick RD, Hicks MJ, Nuchtern JG, et al. Renal 
tumors in infants less than 6 months of age. J Pe- 
diatr Surg 2004;39:522-5. 

Moore SW, Satge D, Sasco AJ, et al. The epidemi- 
ology of neonatal tumours. Report of an interna- 
tional working group. Pediatr Surg Int 2003;19: 
509-19. 

Hartman DS, Lesar MS, Madewell JE, et al. Meso- 
blastic nephroma: radiologic-pathologic correla- 
tion of 20 cases. AJR Am J Roentgenol 1981;136: 
69-74, 

Howell CG, Othersen HB, Kiviat NE, et al. Ther- 
apy and outcome in 51 children with mesoblas- 
tic nephroma: a report of the National Wilms 
Tumor study. J Pediatr Surg 1982;17:826-31. 
Bolande RP, Brough AJ, Izant RJ Jr. Congenital 
mesoblastic nephroma of infancy. A report of 
eight cases and the relationship to Wilms’ tumor. 
Pediatrics 1967;40:272-8. 

Beckwith JB. Wilms tumor and other renal tumors 
of childhood: an update. J Urol 1986;136:320-4. 
Chan HS, Cheng MY, Mancer K, et al. Congenital 
mesoblastic nephroma: a clinicoradiologic study 
of 17 cases representing the pathologic spectrum 
of the disease. J Pediatr 1987;111:64-70. 

Eble JN. Angiomyolipoma of kidney. Semin 
Diagn Pathol 1998;15:21-40. 

Ewalt DH, Sheffield E, Sparagana SP, et al. Renal 
lesion growth in children with tuberous sclerosis 
complex. J Urol 1998;160:141-5. 

Steiner MS, Goldman SM, Fishman EK, et al. The 
natural history of renal angiomyolipoma. J Urol 
1993;150:1782-6. 

Henske EP. Tuberous sclerosis and the kidney: 
from mesenchyme to epithelium, and beyond. 
Pediatr Nephrol 2005;20:854-7. 

Lemaitre L, Claudon M, Dubrulle F. Imaging of 
angiomyolipomas. Semin Ultrasound CT MR 
1997;18:100-14. 

Casper KA, Donnelly LE Chen B, et al. Tuberous 
sclerosis complex: renal imaging findings. Radi- 
ology 2002;225:451-6. 

Mitnick JS, Bosniak MA, Hilton S, et al. Cystic 
renal disease in tuberous sclerosis. Radiology 
1983;147:85-7. 

Hadley DA, Bryant LJ, Ruckle HC. Conservative 
treatment of renal angiomyolipomas in patients 


[79] 


[80] 


with tuberous sclerosis. Clin Nephrol 2006;65: 
22-7. 

Sotel-Avila C, Beckwith JB, Johnson JE. Ossifying 
renal tumor of infancy: a clinicopathologic study 
of nine cases. Pediatr Pathol Lab Med 1995;15: 
745-62. 

Vazquez JL, Barnewolt CE, Shamberger RC, et al. 
Ossifying renal tumor of infancy presenting as 
a palpable abdominal mass. Pediatr Radiol 
1998;28:454-7. 


[81] Argani P, Beckwith JB. Metanephric stromal tu- 


[82] 


[83] 


[84] 


[85] 


[86] 


[87] 


[88] 


[89] 


[90] 


mor: report of 31 cases of a distinctive pediatric 
renal neoplasm. Am J Surg Pathol 2000;24: 
917-26. 

Davis CJ Jr, Barton JH, Sesterhenn IA, et al. Meta- 
nephric adenoma: clinicopathological study of 
fifty patients. Am J Surg Pathol 1995;19:1101-14. 
Arroyo MR, Green DM, Perlman EJ, et al. The 
spectrum of metanephric adenofibroma and re- 
lated lesions: clinicopathologic study of 25 cases 
from the National Wilms Tumor Study Group 
Pathology Center. Am J Surg Pathol 2001;25: 
433-44. 

Argani P. Metanephric neoplasms: the hyperdif- 
ferentiated, benign end of the Wilms tumor 
spectrum? Clin Lab Med 2005;25:379-92. 
Comerci SC, Levin TL, Ruzal-Shapiro C, et al. 
Benign adenomatous kidney neoplasms in 
children with polycythemia: imaging findings. 
Radiology 1996;198:265-8. 

Navarro O, Connolly B, Taylor G, et al. Meta- 
nephric adenoma of the kidney: a case report. 
Pediatr Radiol 1999;29:100-3. 

Amodio JB, Shapiro E, Pinkney L, et al. Meta- 
nephric adenoma in an 8-year-old child: case re- 
port and review of the literature. J Pediatr Surg 
2005;40:E25-8. 

Fielding JR, Visweswaran A, Silverman SG, et al. 
CT and ultrasound features of metanephric 
adenoma in adults with pathologic correlation. 
J Comput Assist Tomogr 1999;23:441-4. 

Araki T, Hata H, Asakawa E. MRI of metanephric 
adenoma. J Comput Assist Tomogr 1998;22: 
87-90. 

Hwang SS, Choi YJ. Metanephric adenoma of the 
kidney: case report. Abdom Imaging 2004;29: 
309-11. 


ELSEVIER 
SAUNDERS 


ULTRASOUND 
CLINICS 


New Advances in Genitourinary 


Ultrasound 


Jared D. Christensen, mb, Vikram S. 


Basic ultrasound physics 

The piezoelectric effect 

The pulse-echo principle 
Acoustic impedance 

Types of ultrasound 
Conventional grayscale (B-mode) 
Doppler ultrasound 


Acquisition and processing 
enhancement 


Harmonic imaging 

Spatial compound imaging 
Speckle reduction imaging 
Extended field of view 
Three-dimensional ultrasound 


Ultrasound is one of the most widely used and 
versatile imaging modalities in medicine. It allows 
providers directed real-time imaging without expos- 
ing the patient to ionizing radiation or nephrotoxic 
contrast agents. The technology is relatively inex- 
pensive and portable, especially when compared 
with alternative modalities, such as magnetic reso- 
nance (MR) and computed tomography (CT). Ul- 
trasonography has become an integral component 
of daily medical practice not only for its inherent 
diagnostic value, but also as a key modality for pro- 
cedural guidance (eg, ultrasound-guided biopsies) 
and ultrasound-based therapies (eg, high-intensity 
focused ultrasound ablations). Since its clinical in- 
troduction in the 1940s, advances in ultrasound 
technology and modality-specific clinical research 
have broadened the role of ultrasonography in the 
diagnosis, management, and follow-up of patients 
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who have urologic disorders |1]. This article reviews 
the basic concepts of ultrasound imaging and de- 
scribes new advances in technology and its clinical 
applications for genitourinary evaluation. 


Basic ultrasound physics 


Ultrasound as an imaging modality is based upon 
the propagation of mechanical waves through tis- 
sue and the detection of reflected echoes occurring 
at tissue interfaces. The fundamental concepts gov- 
erning ultrasound are the piezoelectric effect, the 
pulse-echo principle, and acoustic impedance. 


The piezoelectric effect 


To create an image, mechanical waves are generated 
from electronic impulses and transmitted through 
tissue; the returning echoes must be detected and 
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changed back into an electrical signal to undergo 
processing to form a conventional ultrasound im- 
age. These steps are performed by the ultrasound 
transducer. In general, a transducer is a device that 
converts energy from one form to another. The pie- 
zoelectric effect explains how mechanical energy 
and electrical energy are interconverted [|2]. 

Electrical signals applied to a piezoelectric mate- 
rial induce mechanical vibrations; conversely, when 
a mechanical pressure is applied to a piezoelectric 
material, an electrical charge is created that is pro- 
portional to the inciting force. Most modern ultra- 
sound transducers use piezoelectric elements 
composed of man-made lead zirconate or lead tita- 
nate crystals. Changing the polarity of the applied 
voltage causes the crystal to expand and contract, 
thereby generating and transmitting a mechanical 
vibration or sound wave. 

Reflected echoes are in turn detected by the ultra- 
sound transducer and cause the piezoelectric ele- 
ment to vibrate. These vibrations are converted by 
the piezoelectric crystal back into electrical signals 
that may undergo further processing, such as ampli- 
fication, compensation, demodulation, or com- 
pression, before being displayed as an image [3]. 


The pulse-echo principle 


Electricity is applied to the piezoelectric crystals at 
a specific pulse rate. This allows for transmission 
of sound waves and receipt of the returning echoes. 
Generally, the transducer sends pulses of 1 micro- 
second duration with a repetition period of 999 
microseconds. Thus, far more time is devoted to 
receiving echoes than to generating sound waves. 
The pulse-echo principle states that the electrical 
impulse generated by reflected sound waves is pro- 
portional to the strength of the returning echo [2]. 
Differences in echo strength are therefore indicative 
of the tissue properties that form the basis of imag- 
ing contrast. 


Acoustic impedance 


The generation of echoes results from the interac- 
tion of sound waves with structures within the 
transmitting medium. Acoustic impedance (Z) is 
a tissue-specific characteristic that determines the 
extent of sound wave reflection and is defined as 
Z = p c, where p represents tissue density and c 
the velocity of sound within tissue (average of 
1540 m/sec for biologic tissues) |2]. The degree to 
which ultrasound waves are reflected toward the 
transducer is proportional to the density differences 
encountered between varying tissues, which are 
referred to as acoustic interfaces. The differential 
acoustic impedance between air and tissue is so 
large that nearly all sound waves are reflected back 
toward the transducer; therefore, a coupling 


medium, such as ultrasound gel, is used to decrease 
the differential impedance between the transducer 
and skin to facilitate the transmission of ultrasound 
waves. 

When an area is scanned by the ultrasound trans- 
ducer, the majority of the energy imparted by the 
mechanical waves is attenuated by absorption, re- 
fraction, and scattering, with only a small portion 
of the incident sound wave being reflected to 
form an image |2]. Absorption is the most common 
of these interactions, with the energy loss being 
transferred as heat to the surrounding tissue. The 
degree of attenuation, or weakening of the sound 
wave's amplitude or intensity as it travels through 
tissue, is proportional to the frequency of the sound 
wave and to the distance it has traversed. Higher fre- 
quencies provide greater axial and lateral resolution 
than low frequencies but have shorter wavelengths 
and are more readily absorbed by tissue, resulting 
in less penetration. Therefore, whenever feasible, 
transducers of the highest permissible frequency 
should be used for scanning with regard to the 
required depth of penetration. For genitourinary 
evaluation, the following frequencies have been 
recommended: kidneys and bladder, 3.5 to 5 MHz; 
uterus and adnexa, 7 to 10 MHz; prostate, 6 to 
10 MHz; testes and penis, 10 to 14 MHz. 


Types of ultrasound 


Conventional grayscale (B-mode) 


The fundamental physics described in the previous 
section are the basis for two-dimensional (2D) 
grayscale ultrasound, where the signal intensity of 
reflected echoes is proportional to the image dis- 
play brightness or echogenicity. Pulse-echo bright- 
ness mode (B-mode) is the most commonly used 
format in ultrasound imaging; the routine examina- 
tion of genitourinary structures is no exception 
(Fig. 1). 


Doppler ultrasound 


The Doppler effect represents the change in fre- 
quency or wavelength of transmitted sound waves 
that occurs when there is relative motion between 
the transducer (sound source) and reflecting sur- 
faces (red blood cells) |4|. The frequency, or Dopp- 
ler, shift between the transmitted and received 
frequencies is measured in Hertz and is related to 
the contraction or expansion of wavelengths ahead 
of or behind the moving object. The shift provides 
information of flow directionality and can be repre- 
sented visually with color or by an audible signal. 

Color flow Doppler technique calculates the 
mean frequency shift over a series of locations 
along the beam axis. This color information is dis- 
played over a conventional 2D grayscale image in 


= GRAYSCALE 


Fig. 1. Longitudinal B-mode sonogram of normal 
kidney demonstrates characteristic parenchymal 
echogenicity. 


real-time and is broadly used to document vascular- 
ity or the lack thereof (eg, distinguishing hydro- 
nephrosis from a vessel at the renal hilum). 
Absence of color flow in the ovaries or testis with 
high clinical index of suspicion is virtually diagnos- 


tic of torsion (Fig. 2) [5,6]. Additionally, color flow 
Doppler is useful in the evaluation of erectile 
dysfunction. 


Power Doppler ultrasound presents 2D Doppler 
information by color-encoding the strength of the 
Doppler shifts. Power Doppler enhances the sensi- 
tivity of detecting blood flow by at least five times 
that of color flow Doppler ultrasound but does 
not provide a flow vector (directionality) or velocity 
[7]. Power Doppler scanning is valuable in scrotal 
ultrasonography because of its increased sensitivity 
to low-flow states and its independence from 
Doppler angle correction (see Fig. 2) [5,6]. 


Acquisition and processing enhancements 
Harmonic imaging 

As sound waves are applied to the body, the tissue 
compresses and then relaxes until the next wave is 
applied. This mechanical alteration produces peaks 
and troughs in the pulse wave pattern because the 
speed of sound is slightly higher in compressed 
than in noncompressed tissue. These repetitive 
changes are more pronounced with each serial 
pulse, resulting in low-amplitude harmonic echoes 
that intensify as the beam propagates deeper. Multi- 
ple harmonics are produced; however, the initial 
echo of the fundamental transmitted pulse—the 
second harmonic—is typically the only one suffi- 
ciently strong for use in clinical applications [8]. 
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Fig. 2. Ovarian torsion. (A) Grayscale ultrasound dem- 
onstrating an enlarged, heterogenous right ovary. (B) 
Colorflow Doppler reveals a lack of parenchymal vas- 
cularity consistent with torsion. (C) Power Doppler 
confirms the lack of flow. 


Harmonics reinforce the data supplied by the initial 
fundamental echo but are much less susceptible to 
artifacts, resulting in an improved signal-to-noise 
ratio (SNR), which is the ratio of the amplitude of 
the desired signal (echoes forming the image) to 
the amplitude of unwanted signals (electronic noise 
not contributing to image formation). Other ad- 
vantages include improved resolution of objects 
closer to the transducer (near-field resolution) 
and improved contrast resolution (Fig. 3). 

Pulse inversion harmonic imaging consists of the 
transmission of identical ultrasonic pulses with op- 
posite polarities. Because the polarities are reversed, 
the linear aspects of the returning echoes cancel each 
other out, leaving only the nonlinear components 
(harmonic and subharmonic ultrasound waves) to 
generate the image |9]. This technique enhances 
the nonlinear echoes formed by pulse inversion 
and is commonly used with ultrasound contrast 
agents and in the evaluation of low-flow states |6]. 
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. Comparison of techniques to improve ultrasound imaging resolution. (A) Harmonic imaging of a normal 
kidney reveals improved tissue contrast with better corticomedullary differentiation in comparison to conven- 


tional B-mode ultrasound (see Fig. 


Spatial compound imaging 

In conventional real-time ultrasound, each target is 
insonated at a single, constant angle. Compound 
sonography uses an array transducer with electronic 
beam steering to image the target tissue from mul- 
tiple angles via the generation of parallel sound 
waves in offset directions |2]. The multiple return- 
ing echoes obtained from differing spatial orienta- 
tions are averaged together to form a single 
compound image with an overall reduction in 
noise, speckle, shadowing, and artifacts. Because 
multiple echoes are used to produce the composite 
image, there is an increased computational time 
and therefore a slower frame rate; however, the re- 
sulting image has improved contrast and margin 
definition in comparison to conventional B-mode 
ultrasound (see Fig. 3) [10 


). (B) Spatial compound imaging. (C) Speckle reduction. 


Speckle reduction imaging 


Ultrasound images contain an inherent artifact 
called speckle, which is caused by complex interfer- 
ence between sound waves that reduce spatial and 
contrast resolution. Speckle reduction imaging re- 
duces speckle artifact and increases the SNR and 
thereby improves contrast resolution (see ) 


Extended field of view 


One of the inherent drawbacks of conventional ul- 
trasound is the limited field of view because many 
structures cannot be assessed with a single static im- 
age. The use of 2D array transducers with mechan- 
ical or electronic beam steering can overcome this 
limitation by extended filed of view processing. As 
the transducer is translated laterally across the 


desired area, multiple images are obtained from 
varying angles. The images are reconstructed into 
a single, panoramic display by registering sequen- 
tial areas of overlap through comparison of signal 
and position information ( ) 


Three-dimensional ultrasound 


Advances in array transducers and imaging process- 
ing have allowed the development of three-dimen- 
sional ultrasound (3D US). In general, 3D images 
may be acquired in one of two ways. A conventional 
transducer producing 2D images may be coupled to 
a tracking mechanism storing precise location and 
spatial orientation information, allowing for 3D 
image construction. Alternatively, 2D arrays may 
be used to generate 3D images directly; the trans- 
ducer is held stationary over the target while elec- 
tronic beam-steering sweeps 360° through a tissue 
volume. The returning echoes are detected by the 
2D array and processed in real-time to display a 
volume-rendered, or 3D, image 
Three-dimensional volume acquisition allows 
for multiplanar image reconstruction (Fig. 5), in- 
creased measuring accuracy, and better apprecia- 
tion of anatomic relationships between the area 
of interest and surrounding structures (Fig. 6) 
Furthermore, the problems associated 
with user-dependent variability are eliminated, al- 
lowing for improved exam-to-exam comparison 
and long-term follow-up. In the adult population, 
3D US has been shown to provide more accurate 
calculations of prostate specific antigen density 
and improved treatment mapping for brachyther- 
apy |12]. Additionally, 3D US may be used for rou- 
tine evaluation of the testis. The primary 
advantages of this technique are a short image 


Gray-scale sonogram of left testis with 
extended field of view demonstrating the full extent 
of a spermatocele and its relation to the adjacent 
testis. 
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LIVE 3D 
VOCAL™ IMAGING 


Three-dimensional volume acquisition of the 
uterus in the coronal plane with surface rendering 
illustrates normal myometrium and endometrium. 
(Courtesy of Philips Medical Systems; with 
permission.) 


acquisition time and the ability to manipulate 
the image in any plane, thereby improving diag- 
nostic confidence. 3D US applications are also use- 
ful in the evaluation of patients who have erectile 
dysfunction (Fig. 7). 

Despite its benefits, 3D US technique does have 
limitations. Most relevant is the potential for imag- 
ing artifacts introduced during the initial scan or 
during image processing, which may result in possi- 
ble misdiagnosis. Centers interested in the technol- 
ogy must also consider the large initial investment 
in ultrasound equipment and the necessary sup- 
portive infrastructure, including hardware, soft- 
ware, storage, and specialized technologists who 
are trained to obtain and manipulate the large 
data sets generated for volume reconstructions. 


SEPTATED UTERUS 
ViTE XR 1 


HNOLO® 


DIVA 

Three-dimensional volume acquisition of 

septate uterus. Three-dimensional imaging assists in 

defining the anatomic relationships of the uterine 

cornua, fundus, and muscular septum. (Courtesy of 
Philips Medical Systems; with permission.) 
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Fig. 7. Three-dimensional power Doppler sonogram 
with maximum intensity projection algorithm shows 
tortuous cavernosal artery caused by atherosclerosis 
with severe segmental stenosis (arrow) in a patient 
who has erectile dysfunction. 


Four-dimensional ultrasound 


Four-dimensional ultrasound (4D US) incorpo- 
rates a temporal component to 3DUS: Successive 
3D volumes are acquired and rendered in real 
time as the 2D array transducer is moved over the 
patient |2]. This approach is useful for performing 
volume assessments as a function of time in dy- 
namic systems, such as the cardiac cycle |14,15]. 
The utility of 4D US applications for interventional 
procedures, such as solid organ biopsy, is also being 
explored |16]. Won and colleagues |16] reported 
that 4D US is a more intuitive modality for per- 
forming biopsies because familiar 2D images can 
be displayed for the operator while volumetric pro- 
cessing is performed. Additionally, the presentation 
of 4D reconstructions is continuous, thereby pre- 
venting time delays experienced with 3D imaging. 
The limitations of this technology are similar to 
those found with 3D US. 


Innovations in ultrasound 


Contrast agents 


Ultrasound contrast agents consist of intravenously 
injected microbubbles that significantly improve 
the contrast between vascular structures and the 
surrounding tissues. As the microbubbles circulate 
and pass through the target ultrasound pressure 
field, they begin to resonate. The differential acous- 
tic impedance between the blood and the gas 
within the microbubble core is high, resulting in re- 
flection of nearly all of the incident sound waves 
with little to no transmission. Optimal scattering 
is produced at the resonant frequency of the con- 
trast agent, which is approximately equal to 3/R, 


where R represents the microbubble radius in mi- 
crometers |6]. For example, the resonant frequency 
for a typical 1-um bubble is 3 MHz, which is within 
the diagnostic ultrasound frequency range. 

Despite near total reflection of the acoustic wave, 
the fundamental returning echoes are typically not 
ideal for generating adequate image contrast due to 
the small size of the microbubbles, their relative 
low concentration within the circulation, and 
a high background of returning echoes from adja- 
cent structures |17]. These limitations can be over- 
come through the use of harmonic imaging, 
which exploits the nonlinear behavior of micro- 
bubbles. The spectrum of the scattered ultrasound 
signal contains higher harmonics of the fundamen- 
tal frequency. Ultrasound contrast agents produce 
harmonics much more readily than the surround- 
ing tissue; therefore, the detected harmonic fre- 
quency is almost entirely produced by the 
microbubbles |18]. The second harmonic is rou- 
tinely selected; therefore, a unit producing ultra- 
sounds at a given frequency (eg, 3.5 MHz) 
receives an ultrasound signal twice as powerful 
(ie, 7 MHz), representing only the contrast agent. 
Harmonic technique therefore eliminates artifacts 
from surrounding anatomic structures, resulting 
in a markedly improved SNR. 

Contrast sonography was first used in cardiac and 
hepatic imaging but is finding broader application, 
particularly in the evaluation of genitourinary dis- 
ease (Fig. 8). Robbin and colleagues |17] indicated 
that the technology has the potential to evaluate 
renal masses by first performing a noncontrast 
ultrasound examination followed by contrast so- 
nography to assess for enhancement of hype- 
rvascular lesions. They also proposed a contrast 
ultrasound classification pattern for complex renal 


Fig. 8. Ultrasound contrast on grayscale imaging out- 
lining the renal arterial blood supply. 


cysts—a modification of the Bosniak criteria used in 
CT |17]. Further evaluation of the utility of ultra- 
sound contrast agents is ongoing, with work assess- 
ing applications in renal perfusion, pyelonephritis, 
and intraoperative localization of tumors [17]. 

The indications for using ultrasound contrast 
agents often overlap with those for contrast CT; 
however, contrast sonography may offer several ad- 
vantages in that patients are not exposed to ionizing 
radiation, there are no nephrotoxic or allergic ef- 
fects, and the examination may be performed at 
bedside for patients unable to be transported |19]. 
In addition to enhanced tissue definition, ultra- 
sound contrast agents may be used to assess organ 
perfusion and quantitative blood volume [20]. 
The use of ultrasound contrast agents for biologic 
targeting is also under investigation. Microbubbles 
are tagged with a protein ligand specific for a partic- 
ular biologic marker, injected intravenously, and 
imaged by delayed ultrasound. Bound microbub- 
bles retained in target tissue may be indicative of 
pathology. For example, most cancers express spe- 
cific receptor sets promoting angiogenesis, such as 
vascular endothelial growth factor. Microbubbles 
tagged to vascular endothelial growth factor ligands 
may be used to visualize potential tumors [21]. If 
proven feasible, targeted ultrasound contrast agents 
may ultimately be used for the delivery of gene or 
pharmaceutical therapies |22]. 


High-intensity focused ultrasound 


Conventional ultrasound is performed with sound 
waves of very low signal intensity without any ma- 
jor risk of tissue damage. Conversely, high-intensity 
focused ultrasound (HIFU) uses much stronger me- 
chanical waves, resulting in intense deposition of 
heat at a focal point through tissue absorption 
[23]. Although conventional ultrasound is diagnos- 
tic, HIFU can be used in therapeutic and surgical 
applications, such as the minimally invasive treat- 
ment of prostate cancer. This procedure uses a trans- 
rectal ultrasound transducer producing sound 
waves of greater than 100 W/pulse. The energy is fo- 
cused into a small area, creating intense heat of 80 
to 100°C, which results in localized coagulation ne- 
crosis. Given that ultrasound is nonionizing, tissue 
in the entry and exit path of the HIFU beam is not 
injured [23]. 

HIFU for the treatment of prostate cancer offers 
several advantages over standard therapies. HIFU 
may be performed at the time of diagnostic trans- 
rectal ultrasound without the necessary delays of 
surgical or radiation planning; the treatment zone 
is much more precise than with radiation or surgi- 
cal intervention, thereby preserving adjacent nor- 
mal tissue; and the projected cost is less than that 
of standard therapies [24]. Aside from primary 
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therapy, HIFU may be used for salvage therapy after 
failed radiation, cryosurgery, or radical prostatec- 
tomy [23]. Palliative treatment by tumor debulking 
is also possible. The published clinical experience 
with HIFU for the treatment of prostate cancer is 
limited but promising [24-26]. Although the FDA 
has not approved the procedure for use in the 
United States, HIFU is approved with increasing 
use and acceptance in Europe, Japan, China, and 
other countries |26]. 


Compact ultrasound systems 


Advances in technology in ultrasound components 
and computers have allowed for the development 
of progressively smaller ultrasound systems. Sta- 
tionary units that once filled a small room are 
now handheld devices weighing less than 6 lb. 
The miniaturization of ultrasound units has, in 
most cases, not come at the expense of image qual- 
ity or production costs. With better image resolu- 
tion, new features, and affordable prices, these 
compact systems are more accessible to medical 
specialists in all fields and have helped to expand 
the role of ultrasound in routine medical practice 
[2,27]. The American Institute of Ultrasound in 
Medicine formed a multidisciplinary panel of ex- 
perts to address the opportunities and challenges 
inherent in the dissemination of ultrasound tech- 
nology, including concerns over imaging quality 
control, credentialing, accurate interpretation, self- 
referral, and over use |27]. The forum concluded 
that all practitioners independently performing ul- 
trasound be appropriately trained in its use and 
committed to ongoing education, professional de- 
velopment, and outcomes-based research to ensure 
optimal patient care. 


Emerging technologies 


Sonoelastography 


Contrast in conventional gray-scale ultrasound re- 
lies upon varying acoustic properties between adja- 
cent structures; if these properties are similar, the 
tissues cannot be visually differentiated, which ex- 
plains why some lesions are undetected. Sonoelas- 
tography is a developing technology that relies 
upon differences in a tissue’s elastic, rather than 
acoustic, characteristics. Several techniques are un- 
der investigation. A common methodology uses 
a modified Doppler technique to detect shear waves 
produced by mechanical tissue vibration [28]. The 
images provide a real-time depiction of viscoelastic- 
ity (“stiffness”)—a property typically assessed by 
manual palpation (Fig. 9) |29|. Sonoelastography 
may therefore be used to increase the sensitivity 
and objectivity of physical examination and to per- 
form “virtual” palpation in organs not routinely 
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Fig. 9. Apparent normal two-dimensional grayscale image of the prostate (A). The corresponding sonoelasto- 
gram (B) reveals a discrete peripheral mass (arrows) seen as a dark area within normal parenchyma 
(green). Note that the color overlay corresponds to tissue elasticity, with black being most hard or stiff. This 
lesion was subsequently biopsied and proven to represent prostatic carcinoma. (Courtesy of Kenneth Hoyt, 


Rochester, NY.) 


accessible on physical examination. Recent studies 
have demonstrated the accuracy of sonoelastogra- 
phy in the detection of prostate cancer. 3D applica- 
tions are under investigation for brachytherapy 
treatment planning and disease surveillance |28]. 


Near-infrared ultrasound 


Ultrasound is helpful in differentiating cystic from 
solid lesions. However, its specificity in genitouri- 
nary tumor diagnosis is often not sufficiently high 
due to overlapping characteristics of benign and 
malignant lesions. CT or MR examinations are 
therefore routinely recommended for further evalu- 
ation of suspect lesions. Optical imaging based on 
diffusive near-infrared (NIR) light has the potential 
to differentiate tumors from normal parenchyma 
through the assessment of tissue parameters, such 
as blood volume, blood O, saturation, tissue light 
scattering, and the concentration and retention of 
exogenous contrast agents [30]. Low spatial resolu- 
tion and artifacts due to the intense scattering of 
light in tissue plague NIR imaging. These drawbacks 
can be mitigated by a hybrid imaging modality 
using NIR diffusive light in conjunction with 
high-resolution ultrasound, incorporating the ul- 
trasound transducer and NIR source-detector into 
a single probe. 

The feasibility of NIR hybrid or stand-alone sys- 
tems has been documented for breast lesions, and 
promising applications in the evaluation of genito- 
urinary conditions have been reported [30]. NIR 
permits the visualization of nerves, tissue perfusion, 
and lymph nodes during urologic surgery. Clinical 
trials in patients who have renal malignancy are 


being performed to evaluate the clinical utility of 
infrared imaging and the accuracy of tumor margin 
identification as correlated by histopathology. In 
addition, intraoperative infrared ultrasound may 
be beneficial in the evaluation of renal perfusion 
after partial nephrectomy. Recent developments in 
hybrid NIR technologies have also been applied 
to the identification of cavernous nerves in an ani- 
mal model; the accurate identification ofneurovas- 
cular bundles allows cavernous nerves to be 
spared during radical prostatectomy, thereby reduc- 
ing the rate of postoperative erectile dysfunction 
[31]. The assessment of testicular torsion by NIR 
with quantification of reperfusion after torsion re- 
duction has also proven feasible in an animal 
model [32]. 


Animal imaging in genitourinary ultrasound 


Documenting efficacy in an animal model remains 
an integral step in the clinical development of new 
imaging technologies. High-resolution ultrasound 
machines are available for animal research and 
are being investigated for genitourinary applica- 
tions. These systems use extremely high-frequency 
transducers of 40 MHz and incorporate 2D and 
3D capabilities. 


Capacitative micromachined ultrasonic 
transducers 


Most widely available ultrasound transducers are 
based upon single ceramic or piezoelectric crystals, 
which have a limited frequency range, thereby re- 
quiring multiple transducers of specific frequencies 
to perform different examinations. Furthermore, it 


Table 1: Ultrasound innovations and the 
potential imaging benefits 


Innovation 


Improved ergonomics 
Improved image 
resolution 

Compact size 


Three- and 
four-dimensional US 


Harmonic imaging 


Compound imaging 


Extended field of 
view 
Contrast agents 


High-intensity 
focused US 
Sonoelastography 


Near-infrared US 


Capacitative 
micromachined 
transducers 


Abbreviation: US, ultrasound. 


Benefit 


Decreased work- 
related injuries 
Enhanced definition 
of tissue interfaces; 
potential increased 
diagnostic accuracy 
Portable, bedside 
imaging 

Volumetric images 
with multiplanar 
viewing 

Improved tissue 
definition; US 
contrast agent 
imaging 

Edge enhancement; 
decreased artifacts 
View larger area of 
interest 

Assess tissue 
vascularity; 
enhancement 
without 
nephrotoxicity; 
potential targeted 
gene or drug therapy 
Minimally invasive 
treatment therapies 
Earlier tumor 
detection 

Assess perfusion 
status; earlier tumor 
detection; improved 
surgical outcomes 
Multifrequency 
single transducer 


is often necessary to exchange transducers during 
a single examination to optimize imaging of some 
structures. Capacitative micromachined ultrasound 
transducers are constructed of nonresonant silicon 
membranes. An applied voltage causes the mem- 
brane to deflect by electrostatic forces, which in 
turn produces acoustic waves. The voltage can be 
altered, resulting in sound waves of varying 
wavelengths and frequencies being produced by 
a single transducer | 33}. 


Summary 


Ultrasound technology and its application in the 
evaluation of genitourinary disease continue to im- 
prove (Table 1). Advances in signal acquisition and 
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processing have resulted in better spatial resolution 
and image quality, particularly for conventional 2D 
applications. Multidimensional imaging provides 
detailed spatial relationships that can be recon- 
structed from any viewing angle and readily com- 
pared over time. New transducer materials and 
components allow for volumetric imaging and 
real-time variable frequency selection. A role for ul- 
trasound as a therapeutic modality is being estab- 
lished through broadening applications of HIFU. 
Ultrasound contrast agents and emerging hybrid 
technologies incorporating NIR diffusive imaging 
permit the assessment of vascularity and flow states 
previously achievable only with CT and MR imag- 
ing. The rapid rate of new advances in ultrasound 
applications requires close consultation and collab- 
oration with nonimaging specialists to ensure that 
patients receive the highest standard of care. 
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Interventional uroradiology is a specialized field 
dedicated to image-guided minimally invasive 
management of a wide variety of urinary tract dis- 
eases |1-5]. Although this field was founded on 
the basis of fluoroscopy for providing imaging 
guidance, the application of real-time ultrasound 
has had a significant impact. Fluoroscopy and ultra- 
sound are complementary to each other for provid- 
ing guidance making procedures safer and widely 
applicable [3,6,7]. This article predominantly dis- 
cusses the use of ultrasound in the performance of 
urinary interventions. 

Percutaneous access into the pelvicaliceal system 
is the first and foremost step, which opens the 
door to a host of diagnostic and therapeutic urinary 
procedures. Ultrasound and fluoroscopy are used to 
gain safe and reliable access into the pelvicaliceal sys- 
tem. After antegrade access is obtained diagnostic 
procedures, such as urine sampling, antegrade neph- 
rostogram, and Whitaker test can be performed. 
Commonly the antegrade nephrostogram is cou- 
pled with a therapeutic procedure, such as percuta- 
neous nephrostomy (PCN) catheter placement for 
urinary decompression or diversion. This procedure 
may be done alone or combined with nephroureteric 
catheter placement or double-J ureteral stent place- 
ment. Based on the underlying disease percutaneous 


Percutaneous cyst drainage and 
sclerotherapy 

Summary 
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nephrostomy can provide access for nephrolithoto- 
my/lithotripsy or foreign body removal, stricture di- 
latation, biopsy, or instillation of medications | 1-3]. 
The indications and steps in detail are discussed in 
the section about PCN. 


Diagnostic procedures 


Antegrade nephrostogram 


The main purpose of antegrade nephrostogram is to 
determine the presence, degree, and level of ob- 
struction in the urinary collecting system. Once nee- 
dle access is gained into the urinary collecting 
system, contrast injection is performed for its opaci- 
fication [2,3]. As a diagnostic test antegrade neph- 
rostogram has limited application with the 
availability of several noninvasive imaging modali- 
ties, such as ultrasound, CT, or MR imaging. In al- 
most all instances percutaneous antegrade access 
to the renal collecting system is performed with 
the intent of proceeding with a therapeutic 
procedure. 


Whitaker test 


The Whitaker test is used to determine the presence 
and severity of obstruction in the urinary system 
when the results of noninvasive imaging, such as 
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ultrasound, CT scan, and diuretic renogram, are 
equivocal. This test is used in pediatric patients in 
the presence of dilated but nonrefluxing ureter or 
in adults to determine if pelvicaliceal dilatation at- 
tributable to ureteropelvic dysfunction is a result of 
obstruction. The test involves simultaneous ante- 
grade access into the pelvicaliceal system and the 
urinary bladder with manometry. Fluid is infused 
into the pelvicaliceal system and pressures ob- 
tained. At different rates of fluid infusion the gradi- 
ents are recorded and the degree of obstruction 
classified. Based on the results a PCN or a ureteral 
stent can be placed [4]. 


Therapeutic procedures 


Percutaneous nephrostomy 


First described in 1955, PCN has now become a rou- 
tinely performed procedure [5]. The first step of the 
technique after selection and preparation of the pa- 
tient is the percutaneous antegrade access to the 
pelvicaliceal system. Although it can be performed 
with fluoroscopic guidance alone as initially de- 
scribed, ultrasound is useful for obtaining initial 
access into the urinary collecting system [3,6-8]. 
There are some reports of using ultrasound exclu- 
sively for the whole procedure [9-12], including 
the use of diuretics to distend a nondilated urinary 
tract to facilitate ultrasound-guided needle access 
[12]. The applications of this procedure include 
emergency indications, such as pyonephrosis or 
worsening kidney function in the setting of obstruc- 
tion. In other instances PCN provides an antegrade 
access into the urinary system for subsequent inter- 
ventions. This procedure is applicable to both the 
native and the transplant kidney. 


Indications 
The indications for PCN are outlined in Box 1. 

In some cases the percutaneous nephrostomy is 
performed because of an unsuccessful attempt at 
cystoscopic retrograde stent placement, usually by 
the urologist. Most patients of PCN require close 
cooperation between the interventional radiologist 
and the urologist for a successful outcome | 2,3]. 


Preprocedure preparation 

Laboratory tests As a prerequisite to PCN, a co- 
agulation profile, including PIT and INR, and 
complete blood counts, including platelets, are es- 
sential |1-3,6,8]. This profile is particularly signifi- 
cant for patients who are on anticoagulation 
medication, who have renal or liver failure, who 
have a history of abnormal bleeding, or if a reliable 
history is not available. The INR should be less than 
1.5 and the platelet count greater than 50 thousand. 
The INR can be reversed with fresh frozen plasma 


Urinary obstruction 
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Pyonephrosis 

Ureteral stricture 

Nonfunctioning ureteral stent 


Percutaneous access for further interventions 
Nephrolithotomy/lithotripsy 
Dilatation of ureteral stricture 


Endopyelotomy 

Ureteral double-J stent placement 
Foreign body removal (eg, stent) 
Whitaker test 

Biopsy 

Instillation of medications (eg, antifungal 
agents) 


Urinary diversion 

Vesical fistula 

Ureteral transaction 

Hemorrhagic cystitis: prevention and therapy 


based on the emergent need for PCN. Platelet count 
less than 50 thousand requires platelet transfusion 
to avoid bleeding complications. 


Preprocedure antibiotics Most outpatient low- 
tisk PCN patients can be given a single intravenous 
dose of 1 g cefazolin. Patients who have a history of 
allergy may be given vancomycin 500 mg intrave- 
nously. For high-risk patients (positive urine culture 
or history of infection) broad-spectrum intravenous 
antibiotics are given, usually a combination of am- 
picillin with gentamicin, and continued after the 
procedure. 


Sedation and analgesia 

Most PCNs are performed under conscious seda- 
tion using intravenous midazolam and fentanyl 
with local anesthesia using 1% to 2% lidocaine. 
For the purpose of sedation the patient should be 
fasting for at least 6 hours after a meal or at least 
2 hours if taking liquids only. 


Procedure 

The procedure is usually performed in the interven- 
tional radiology suite with the patient prone on the 
table. C-arm fluoroscopy and ultrasound are used 
for guidance. For access to a transplant kidney the 
patient is positioned supine. Ultrasound is per- 
formed before skin preparation to localize the kid- 
ney, including depth, and to plan for suitable 
pelvicaliceal access. The appropriate area is then 
prepped and draped using aseptic precautions. Ul- 
trasound guidance is used in real time using either 


a needle guide mounted on the probe or the free- 
hand technique. Sterile ultrasound probe covers 
are used. The ideal location for needle puncture is 
below the 12th rib and lateral to the erector spinae 
muscle (Fig. 1A, B). The kidney is approached from 
the posterolateral aspect keeping in mind the rela- 
tively avascular Brédel’s plane |13]. Attempt is 
made to puncture the mid or lower pole posterior 
calyx (Fig. 2A). A 22-gauge needle is used. Follow- 
ing return of urine, a sample is obtained for culture 
in cases of infection. Limited contrast is then in- 
jected under fluoroscopy to opacify the collecting 
system (Fig. 2B). Care is taken to avoid overdisten- 
sion of a potentially infected kidney. 

Antegrade nephrogram is obtained and further 
management undertaken. If the calyceal access is 
considered to be satisfactory then a 0.018-in Cope 
mandril wire is placed by way of the needle into 
the collecting system, followed by placement of 
the coaxial dilators of the introduction set under 
fluoroscopic guidance. A 0.035- or 0.038-in guide- 
wire is placed alongside the Cope mandril wire 
(safety wire) after removing the inner dilator. The 
guidewire is looped in the collecting system or 
advanced down the ureter. Based on the access 
and patient profile, predilatation of the tract with 
appropriate dilators or the use of a peel-away 
sheath may be required. A locking loop multiside- 
hole nephrostomy drainage catheter, usually 8 or 
10 French, is then placed over the guidewire. The 
catheter is secured to the skin and sterile dressing 
applied |1-3,6-8]. 


Special circumstances 

Transplant kidney The patient is placed supine 
because the transplant kidney is anterior in posi- 
tion and usually in the right or left lower abdom- 
inal quadrant. Access is obtained into an anterior 
calyx. Care is taken to access the kidney from 
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the lateral aspect to avoid penetration of the peri- 
toneum [1,2]. 


Access for percutaneous nephrolithotomy In 
such cases the access may be guided by the location 
of the calculi, necessitating access into the upper 
pole calyx or even dual access. Ultrasound may be 
of limited value if the calculi are radiopaque and 
seen easily by fluoroscopy. Once suitable access 
has been obtained the tract is dilated and nephroli- 
thotomy performed | 1,2]. 


Renal cysts Presence of numerous cysts in the kid- 
ney can be problematic during the placement of 
PCN. The nature of fluid returned from a cyst can 
be confused with urine and may result in malplace- 
ment of the nephrostomy. Use of ultrasound can be 
helpful to avoid cyst puncture and guide the needle 
into the urinary collecting system [9,10]. 


Nondilated collecting system These are particu- 
larly challenging cases in which the pelvicaliceal 
system is not distended either because of leakage 
or injury. Urinary diversion in a nondilated kidney 
is at times indicated in the management of severe 
hemorrhagic cystitis. There is a report of using ultra- 
sound guidance for PCN in nondilated kidney, fa- 
cilitated by diuretic-induced transient dilatation of 
the calyces. In two of five cases fluoroscopic guid- 
ance was used in addition to complete the proce- 
dure |12]. 


Pregnant and pediatric patients Ultrasound 
guidance is extremely valuable in pregnant or pedi- 
atric patients to eliminate or significantly decrease 
the need for fluoroscopy for placement of PCN 
[9-11]. 


Complications 
The most common major complication following 
nephrostomy is 


percutaneous hemorrhage 


Fig. 1. (A) Axial illustration of needle access (arrow) into a dilated renal collecting system (*) by way of the pos- 
terior calyx through a relatively avascular Brddel’s plane, using ultrasound guidance with needle attachment. (B) 
Coronal illustration of needle access (arrow) into a dilated renal collecting system (*) using ultrasound guidance 


with free hand technique (without needle guide). 
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Fig. 2. (A) Ultrasound of kidney in longitudinal plane showing an echogenic needle (arrow) accessing a dilated 
collecting system. The tip of the needle is within the renal pelvis (*). (B) Corresponding fluoroscopic image with 
contrast injection demonstrating the needle (arrow) entering the collecting system (*) by way of a posterior 


calyx. 


requiring transfusion in about 3% of patients fol- 
lowed by septicemia in approximately 1% of pa- 
tients [3]. Minor tube-related complications are 
seen in about 2.5% of all cases [3]. 


Percutaneous cyst drainage and 
sclerotherapy 


Renal cysts are usually asymptomatic and are inci- 
dental findings on imaging. Only those renal cysts 
that are symptomatic or complicated need treat- 
ment. Large renal cysts may present with pain or 
a palpable mass. Infection of the cyst, hypertension, 
and hydronephrosis because of the mass effect over 
the renal vasculature and renal pelvis are other 
complications of a renal cyst in which treatment 
is indicated | 14-16]. Surgical management of renal 
cysts is by laparoscopic excision or unroofing |17- 
19]. Ultrasound is useful in the diagnosis of renal 
cysts and guidance for percutaneous cyst interven- 
tions. A cystic renal neoplasm has to be excluded 
by imaging before percutaneous management of 
a renal cyst. Association between patient symptoms 
and presence of a renal cyst must be established 
before any invasive procedure. The patient is then 
screened for any contraindications, such as bleed- 
ing diathesis. The patient preparation and proce- 
dure techniques are similar to those for 
percutaneous nephrostomy. It is recommended to 
perform cyst drainage at the first instance and 
observe the patient for relief of symptoms. If the 
patient benefits from cyst drainage and the symp- 
toms recur with reaccumulation of fluid in the 
cyst, then sclerotherapy is indicated. Cyst ablation 
can be performed with instillation of sclerosing 
agents, such as absolute alcohol, tetracycline, or 
ethanolamine [1]. 


Bean [20] first reported imaging-guided renal cyst 
sclerotherapy with 95% ethanol in 1981. Subse- 
quently, there have been several reports of varied 
techniques of percutaneous renal cyst sclerotherapy. 
Simple cyst aspiration has a high failure rate 
because of rapid reaccumulation of fluid from the 
lining secretory epithelium. The renal cyst is punc- 
tured under ultrasound guidance and a 6- to 8- 
French pigtail catheter is introduced into the cyst 
over a guidewire [15,21]. Another option for drain- 
age catheter placement is the single step trocar tech- 
nique if suitable access to the cyst is available. The 
cyst contents are completely aspirated and the aspi- 
rated volume is recorded. Water-soluble iodide con- 
trast medium is injected into the cyst under 
fluoroscopy to document smooth lining of the 
cyst wall, internal filling defects or loculations, 
and communication of the cyst with the collecting 
system, such as calyceal diverticulum. Communica- 
tion of the cyst with the collecting system is an 
absolute contraindication for sclerotherapy [21]. 
Some 25% of the aspirated cyst fluid volume is re- 
placed with a sclerosing agent. Various sclerosing 
agents have been used for effective sclerotherapy. 
These include 95% alcohol, tetracycline, minocy- 
cline hydrochloride, iophendylate, and ethanol- 
amine oleate |22]. Ethanol is the most widely 
used sclerosant and various concentrations of etha- 
nol have been used. The most widely accepted con- 
centration is 95% ethanol. There are several reports 
of 99% ethanol to be a more effective sclerosant 
with low recurrence rates [23]. The retention period 
of the sclerosant within the cyst varies from 30 min- 
utes to 4 hours. Chung and colleagues | 24| reported 
multiple sessions of sclerotherapy to be superior to 
a single injection of sclerosant. Lin and colleagues 
[21] reported that a single session with prolonged 


retention of the sclerosant is safe and efficacious. 
They also concluded that there is no difference in 
the therapeutic efficacy between 2-hour and 4- 
hour retention of the sclerosant. The procedure is 
associated with minor complications; major com- 
plications are uncommon. Pain and tenderness 
after the procedure are the most common compli- 
cations, which are transient and well controlled 
with medications. There are also reports of transient 
drunkenness following ethanol sclerotherapy [21]. 
Low-grade fever and microscopic hematuria are 
other minor complications described after the 
procedure [22]. Frank hematuria and perinephric 
hemorrhage are uncommon complications. Frank 
hematuria has been reported with cysts communi- 
cating with collecting system |21]. Patients are fol- 
lowed with ultrasound at 1- to 3-month intervals 
for 1 to 2 years [15,21]. Symptomatic patients 
who have recurrence of cysts are treated with further 
sessions of sclerotherapy. 


Summary 


Ultrasound has made a significant impact in the 
field of urinary interventions, with the principle 
role being imaging guidance. Ultrasound guidance 
has made procedures safer and shorter, limiting 
the number of needle punctures required and de- 
creasing or sometimes eliminating radiation. In 
most of its applications it is complementary to fluo- 
roscopy for providing image guidance for different 
urinary procedures | 1—3,21—23]. Ultrasound before 
performing PCN helps to plan the procedure and 
access site. The particular renal calyx and the skin 
puncture site can be selected before prepping the 
patient. The depth of the target and angulation of 
needle access can be planned, keeping in mind 
the avascular Brédel’s line | 13]. Usually the poste- 
rior calyx is selected and ultrasound can provide ra- 
diation-free real-time imaging guidance for the 
needle puncture. It decreases the procedure time 
and the number of needle punctures, thereby de- 
creasing the chance of potential complications 
[3,12]. Ultrasound eliminates the need for intrave- 
nous contrast administration, which is at times 
used during fluoroscopic-guided urinary access. In 
a poorly functioning kidney intravenous contrast 
may not even be feasible because of limited excre- 
tion, in which case ultrasound is valuable for single 
needle puncture access [10,12]. Ultrasound also 
helps avoid cysts during access for PCN because 
they may cause confusion attributable to the aspi- 
rated fluid. Once antegrade access is obtained into 
the urinary system, fluoroscopy is generally better 
for guidewire manipulation and drainage catheter 
placement. Antegrade nephrostogram can be ob- 
tained if indicated and further intervention 
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planned. Ultrasound has a complementary role to 
fluoroscopy in the performance of PCN, making it 
a shorter and safer procedure |1-3,6-8]. 

Similarly for renal cyst aspiration and sclerother- 
apy ultrasound provides diagnostic and therapeutic 
functions. It is limited, however, for visualizing con- 
nection of a renal cyst with the collecting system, 
for which contrast injection under fluoroscopic im- 
aging is better suited. Ultrasound provides accurate 
imaging for follow-up of renal cysts and their man- 
agement with the inherent safety of being radiation- 
free [15,23]. 

Several other procedures, such as perinephric 
abscess drainage [|25] or percutaneous cystostomy 
[26], can be assisted with ultrasound guidance. In 
the placement of double-J stents by the urologist 
by way of the cystoscopic route, ultrasound can 
help localize the proximal end of the stent in the 
upper collecting system. This is useful in pregnant 
patients in whom fluoroscopy is unsafe because of 
radiation exposure [27,28]. Ultrasound continues 
to expand and define its role in urinary 
interventions. 
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Saline infusion sonohysterography (SIS) is a use- 
ful adjunct to transvaginal ultrasonography (US) 
for the evaluation of the endometrial cavity. The pro- 
cedure is also known as hysterosonography, saline 
contrast sonohysterography, and sonohysterogra- 
phy. It involves the instillation of sterile saline into 
the endometrial cavity by means of a fine catheter. 
The resultant distension of the endometrial cavity 
helps to outline irregularities, deformities, or growth 
that may be present in the endometrium. Patients 
who may benefit from this technique include pre- 
and postmenopausal women who have abnormal 
endometrial thickening, women who have submu- 
cosal fibroids, and women undergoing screening be- 
fore in vitro fertilization. Submucosal fibroids may 
be assessed for suitability for transcervical hystero- 
scopic resection. The technique has been combined 
with three-dimensional (3D) US for better depiction 
of the endometrial cavity. More recently, there have 
been a number of reports describing the use of sono- 
hysterography to guide the resection of polyps. 
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Background 


Abnormal vaginal bleeding is one of the most com- 
mon indications for performing a pelvic ultra- 
sound. Of importance is the evaluation of 
postmenopausal bleeding. Although an endome- 
trial thickness of 4 mm or less practically rules out 
endometrial pathology, patients who have thick- 
ened endometrium require further evaluation. In 
premenopausal women, endometrial thickness 
varies throughout the menstrual cycle, ranging 
from 1 to 4 mm during menstruation and from 4 
to 8 mm during the early proliferative phase to 14 
mm in the late proliferative/early secretory phase. 
Such cyclical change needs to be taken into consid- 
eration when assessing the endometrium. 
Although endometrial biopsy or dilatation and 
curettage is effective at providing histologic material 
for the diagnosis of endometrial carcinoma, they 
may miss focal lesions that could be responsible 
for the abnormal bleeding. In this regard, SIS is 
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useful because it provides a means to visualize the 
endometrium and is a more accurate technique for 
guiding the decision to proceed to endometrial bi- 
opsy, dilatation, and curettage for generalized endo- 
metrial thickening or hysteroscopy and biopsy for 
focal lesions. Many studies have shown its accuracy 
in evaluating the endometrial cavity. Besides provid- 
ing additional useful information on anomalies that 
are detected on transvaginal US, it can also reveal 
anomalies not demonstrated on conventional trans- 
vaginal US |1]. Studies show a high level of sensitiv- 
ity of 98% to 100% for SIS, compared with 75% to 
92% for transvaginal US [2-4]. Specificity ranges 
from 72% to 94%. Positive and negative predictive 
values range from 85% to 95% and 97% to 98%, re- 
spectively [2-5]. The influence of SIS findings on pa- 
tient management can be significant. In a study by 
Bree and colleagues |5], treatment decisions in 
80% of the patients were based on findings from SIS. 


Indications for performing saline 
sonohysterography 


The indications for performing SIS include investiga- 
tion of abnormal endometrial thickening in pre- and 
postmenopausal women, assessment of submucosal 
fibroids, and screening before in vitro fertilization. 
For women who have abnormal endometrial thick- 
ening, the procedure allows differentiation between 
focal abnormalities (eg, polyps) and diffuse thicken- 
ing. It facilitates triaging of patients to hysteroscopy 
for focal lesions or “blind” dilatation and curettage 
for patients who have diffuse thickening. 


Technique 


Patient preparation 


For premenopausal patients, the procedure should 
be scheduled during the early part of the prolifera- 
tive phase of the menstrual cycle, soon after men- 
struation has ceased. In most cases, it should not 
be performed beyond the tenth day of the cycle. 
During this time of the cycle, the endometrium is 
at its thinnest and is less likely to produce redun- 
dant mucosa, which may be mistaken for polyps 
or abnormal thickening. Blood clots and fibrin 
strands may be present if the procedure is per- 
formed before menstruation has ceased. Most 
workers recommend performing the procedure 
from day 6 to day 10 of the cycle. Patients who 
may be pregnant or who have signs or symptoms 
of pelvic inflammation are excluded from the exam- 
ination. Some centers prescribe oral analgesics be- 
fore the procedure. Prophylactic antibiotics are 
not prescribed unless there is a history of chronic 
pelvic inflammation or cardiac valvular disorders. 
Patients should be asked if they have latex allergy 


before latex sheaths are used to cover the vaginal 
probe. Verbal or signed consent for the procedure 
is taken depending on institutional practice. 


Catheters 


Various catheters have been used. They include 
catheters with and without retaining balloons. 
The types of catheters used include insemination 
catheters, 6-8F Foley catheters, hysterosalpingogra- 
phy catheters, and 6-8F infant feeding tubes. Des- 
sole and colleagues [6] compared six different 
catheters commonly used in sonohysterography 
and found no statistically significant difference 
among the catheters. Balloon catheters provide 
a seal on the cervical canal and help to keep the en- 
dometrial cavity distended. When such catheters are 
used, slow infusion of saline is recommended to 
minimize the cramping sensation that the patient 
may feel with uterine distension. With nonballoon 
catheters, the operator may encounter difficulty in 
keeping the endometrial cavity distended in some 
patients, and faster rates of infusion may be 
required. 


Procedure 


During the procedure, the patient is placed in the li- 
thotomy position. A preliminary transvaginal US is 
performed to evaluate the uterus, ovaries, and ad- 
nexal regions. In patients who have dilated fallo- 
pian tubes, the study should be deferred, and the 
patient should be treated with antibiotics. Laparos- 
copy may be performed instead for these patients. 

Cleansing of the external genitalia is performed, 
followed by the insertion of a vaginal speculum to 
expose the vagina, cervix, and external os for cleans- 
ing, Cleansing solutions such as povidone iodine or 
chlorhexidine may be used after excluding allergies 
to the lotions. The external cervical os is identified, 
and a fine catheter that has been filled with saline to 
expel the air is inserted. 

An endovaginal transducer that has been covered 
with a sterile sheath (the author uses a sterile glove 
for the probe and a sterile plastic sheath for the 
probe cable) is then inserted into the vagina. A non- 
latex sheath should be used in patients who are al- 
lergic to latex. Under real-time US, sterile normal 
saline is infused by an assistant to slowly distend 
the endometrium. 


Imaging 

While the endometrial cavity is distended with sa- 
line, the entire endometrial cavity is surveyed for 
abnormal thickening, polypoidal lesions, synechia, 
or submucosal masses. Images of the uterus are ob- 
tained in sagittal and coronal sections. Real-time in- 
formation may also be recorded on video for 
review. For 3D imaging, a volume dataset may be 


woman before undergoing in vitro fertilization. 
Smooth and regular endometrium revealed with sa- 
line infusion during the early proliferative phase of 
menstrual cycle. 


acquired using an automated transducer or free- 
hand scanning, depending on the equipment avail- 
able. The endometrial cavity may be displayed in 
the coronal plane to show its triangular configura- 
tion. Such a display is useful for demonstrating con- 
genital anomalies of the uterus. 

Guidelines for the procedure have been jointly 
developed by the American College of Radiologists, 
the American College of Obstetricians and Gynecol- 
ogists, and the American Institute of Ultrasound in 
Medicine and have been published in their respec- 
tive websites and official journals . In these 
guidelines, the key requisites for the physician per- 
forming the procedure are training, experience, skill 
in transcervical placement of catheters, and compe- 
tence in gynecologic US. 


Complications 


Complications from the procedure are rare and self- 
limiting. The patient may experience mild lower ab- 
dominal cramps during the procedure and, in some 


Axial sonohysterogram of a 30-year-old 
woman investigated for infertility, showing an endo- 
metrial polyp (P) situated in the right cornual region 
in another woman investigated for infertility. 


Saline Infusion Sonohysterography 


Color Doppler sonohysterogram showing a vas- 
cular pedicle (arrow) extending into a benign endo- 


metrial polyp, a common feature of polyps. 


cases, soon after the procedure. Discomfort may be 
minimized with slow infusion of saline when the 
balloon catheter is used. Slight per vaginal spotting 
may occur for 1 or 2 days after the procedure. Infec- 
tion is uncommon at around 1% to 2% and usually 
presents as endometritis . The success rate of 
the procedure varies in different reports , de- 
pending on the patient's age group. A higher rate of 
failure is encountered in a study with a higher com- 
position of older postmenopausal patients due to 
cervical stenosis and failure in cannulating the 
uterus 
The risk of inadvertent dissemination of malig- 
nant cells is a worrisome aspect when performing 
this procedure on women who have postmeno- 
pausal bleeding. A study by Nagele and colleagues 
found a rate of 23.3% dissemination of endo- 
metrial cells during hysteroscopy when saline was 
used as the distending medium for the uterine cav- 
ity. The pressure of the saline infusion for that study 
ranged from 100 to 150 mm Hg. Endometrial cells 
were present before hysteroscopy in 6.7% of their 
cases. In another study by Dessole and colleagues 


Longitudinal sonohysterogram showing a large 
benign endometrial polyp (asterisk). 
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Fig. 5. Premenopausal woman investigated for infer- 
tility. Multiple polyps (arrows) along the posterior 
wall of the retroflexed uterus are demonstrated in 
a longitudinal sonohysterogram. 


[13] on 32 women who had endometrial carci- 
noma, malignant cells were found in fluid spilled 
from the fallopian tubes during saline infusion in 
two patients (6.25%), and suspicious cells were 
found in another six women (18.75%). Alcazar 
and colleagues |14| found in an earlier study in- 
volving 14 patients who had stage I endometrial 
carcinoma that one patient (7.1%) showed malig- 
nant cells in the spilled fluid from the fallopian 
tube. The prognostic significance of such an occur- 
rence is unclear because no randomized study has 
been done to evaluate this. A possible clue to this 
may lie in a study on x-ray hysterosalpingography 
(HSG) that showed no difference in the survival 
rates of patients who had endometrial carcinoma 
between those who had spillage of contrast into 
the peritoneal cavity and those who did not [15]. 
Because the process of instilling fluid into the endo- 
metrial cavity is similar in SIS and HSG, it is likely 
that patients who undergo SIS would have a similar 
outcome as those who had HSG. 


Fig. 6. Cyst (arrow) within an endometrial polyp on 
an axial sonohysterogram. 


Fig. 7. A 59-year-old woman presenting with nonhe- 
morrhagic vaginal discharge. Longitudinal sonohys- 
terogram reveals focal thickening (arrows) of the 
endometrium in the anterior wall of the uterus due 
to sessile benign polyps. Differential diagnosis in- 
cludes endometrial carcinoma. 


Sonohysterographic findings 
Normal 


The normal endometrium should have a smooth 
outline with no focal thickening or irregularity 
(Fig. 1). The endometrial cavity should be clear of 
structures or stranding. In postmenopausal pa- 
tients, the thickness of the two layers of the endo- 
metrium should not measure more than 4 mm. 


Anomalies 


The anomalies that may be revealed on SIS include 
polyps, submucosal fibroids, synechia, and diffuse 
thickening that may be due to hyperplasia or 
neoplasia. 


Fig. 8. A 55-year-old woman presenting with pro- 
longed irregular per vaginal bleeding. Polypoidal 
mass (arrowheads) isoechoic to myometrium revealed 
within endometrial cavity. Histopathology revealed 
fibroid. 
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(A) Longitudinal transvaginal US showing a central fibroid (within cursors) with distortion of the endo- 
metrium. (B) Longitudinal sonohysterogram reveals fibroid (arrows) with less than 50% extension into the my- 


ometrium. TI lesion. Air bubbles (arrowheads). 


Polyps 


Polyps are the most common anomalies that are re- 
vealed on SIS. They may or may not be associated 
with abnormal uterine bleeding. These lesions are 
due to focal hyperplasia of endometrial glands 
and stroma. They account for approximately 30% 
of postmenopausal bleeding . In premeno- 
pausal women, they may cause infertility and inter- 
menstrual bleeding. The majority of polyps are 
benign, but about 1.5% to 3% may be malignant 

|. In one study , the malignant polyps 
were found only in postmenopausal women. 

The usual appearance of a polyp on SIS is a well 
defined echogenic pedunculated lesion that arises 
from the endometrium (Fig. 2). There is no disrup- 
tion of the endometrial-myometrial junction. One 
or two vessels arising from the subendometrial my- 
ometrium may be seen extending into the polyp 
( ). The rest of the endometrium is usually un- 
affected and should show normal thickness and 
contour. 

Polyps may be large ( ), may be multiple 
(Fig. 5), may contain cysts ( ), may be sessile 
or broad based ( ), and may have heteroge- 
neous or hypoechoic echotexture. 


Submucosal leiomyomas 


Compared with leiomyomas (fibroids) in other lo- 
cations, submucosal leiomyomas tend to cause 
more symptoms. They distort the endometrial cav- 
ity and are more likely to cause abnormal uterine 
bleeding, severe bleeding, failure of embryo im- 
plantation, and infertility. Advances in operative 
hysteroscopy have enabled the removal of these le- 
sions with significant reduction in morbidity, post- 
operative recovery time, and costs compared with 
open abdominal myomectomy. It is important to 
preoperatively identify fibroids that are suitable 


for hysteroscopic resection. An important determi- 
nant of such fibroids is the proportion of the fibroid 
that lies within the uterine cavity and its intramural 
extension. A classification system adapted by the 
European Society of Hysteroscopy grades fibroids 
into three categories (TO, TI, and TII) according to 
their intramural myometrial extension. TO are pe- 
dunculated fibroids ( ), TI are fibroids with 
less than 50% extension into the myometrium 
( A, B), and TI ( )) are lesions where 
more than 50% of the fibroid is within the myome- 
trium. A study by Wamsteker and colleagues 
found that with more extensive intramural involve- 
ment, success in achieving complete resection was 
reduced, and the number of procedures required in- 
creased. Although transvaginal US can demonstrate 
submucosal lesions, SIS is more accurate in deter- 
mining the extent of myometrial extension and re- 
sectability 


> ` SSS = 
Fibroid (arrows) with more than 50% exten- 
sion into the myometrium. TII lesion. 
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On SIS, submucosal fibroids are hypoechoic le- 
sions partially covered by the echogenic endome- 
trium as it protrudes into the endometrial cavity. 
Occasionally, pedunculated fibroids may extend to 
the endocervical canal, making it impossible to 
carry out the procedure. 


Endometrial hyperplasia and malignancy 


Endometrial hyperplasia is a proliferative disorder 
of the endometrium usually caused by unopposed 
estrogen exposure. It is further classified as simple 
or complex and by the presence or absence of cellu- 
lar atypia. Endometrial proliferative disorders range 
from simple hyperplasia to endometrial carcinoma. 
The classification is useful in predicting the risk of 
developing endometrial carcinoma in a given pa- 
tient. Cellular atypia and complex endometrial hy- 
perplasia increase the risk of cancer development. 
Another related condition, endometrial metaplasia, 
refers to change in the endometrial cell to resemble 
cells in the other parts of the genital tract (eg, squa- 
mous cells, ciliated cells). It may also cause abnor- 
mal uterine bleeding. 

On SIS, endometrial hyperplasia, metaplasia, 
and carcinoma can present as diffuse thickening 
of the endometrium. The thickening may not be 
distinguishable from secretory endometrium. Lob- 
ular thickening may be seen in hyperplasia, resem- 
bling polyps or endometrial carcinoma 

Irregularity, heterogeneity of the endometrium, 
and focal abnormality are features of endometrial 
malignancy but may also be seen in hyperplasia. 
Poor distension of the endometrial cavity was dem- 
onstrated in another study in all of its 


A 76-year-old woman with per vaginal bleed- 
ing. Malignant mixed mullerian tumor presenting as 
large polypoidal intracavitary mass (within cursors) 
extending from the uterine body to the cervix 
(arrows) on transvaginal US. 
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A 71-year-old woman who had previous radi- 
ation therapy for cervical cancer presented with 
a pelvi-abdominal mass due to uterine distension. 
Transabdominal ultrasonography shows a fluid-filled 
endometrial cavity revealing multiple polypoidal 
masses (arrows) due to malignant mixed mullerian 
tumor. 


malignant cases (3 out of 63 cases). The presence 
of fluid in the endometrial cavity in these condi- 
tions would obviate the need to perform SIS 
(Figs. 11 12). In cases where the transvaginal 
US is highly suspicious of malignancy ( ), it 
may be prudent not to proceed with SIS 


Synechiae 


Uterine synechiae or adhesions may be responsible 
for unexplained infertility, recurrent pregnancy loss, 
and reduced menstrual flow. There is usually a his- 
tory of previous dilatation and curettage. Synechiae 


= ORONA tae | = 
A 56-year-old woman with postmenopausal 
bleeding. Axial transvaginal US shows diffuse irregu- 
lar thickening of the endometrium (arrowheads) 
outlined by fluid (f) with low-level echoes. Histopa- 
thology of hysteroscopic dilatation and curettage 
specimen showed moderately differentiated endo- 
metrioid adenocarcinoma with myometrial invasion. 
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Fig. 14. (A) Patient who has had recurrent miscarriage. Sonohysterogram shows echogenic band (arrow) across 
the left side of the endometrial cavity due to synechia. (B) Coronal plane of the endometrial cavity constructed 
from 3D US showing location of the synechia (arrow) extending across the left cornu of the uterus. 


may present as echogenic bridging bands (Fig. 14A, 
B) in the endometrial cavity, thin membranous un- 
dulating structures, or as a focus of adherent endo- 
metrial lining that cannot be separated (Fig. 15). 
When extensive, endometrial distension is often 
difficult and is one of the causes of a failed study. 
Patients who have extensive adhesions often com- 
plain of reduced menstruation. 


Role of saline infusion sonohysterography 
in the assessment of infertility 


HSG is the primary imaging method for the investi- 
gation of infertility. Although it is a good method 
for depicting the fallopian tubes, studies [4,25] de- 
scribe shortcomings in the evaluation of the 
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Fig. 15. Longitudinal sonohysterogram revealing 
adhesion (asterisk) between endometrial lining of 
the anterior and posterior uterine walls in a patient 
who has a past history of miscarriage with dilatation 
and curettage. Endometrial cavity with fluid 
(arrowheads). 


endometrial cavity, with false-positive rates as 
high as 35% [25]. In comparison, SIS offers a higher 
sensitivity and specificity for evaluating the uterine 
cavity. Using air and saline as contrast media, tubal 
patency may be assessed, making the technique 
a possible alternative to HSG [26]. 


Endometrial changes due to tamoxifen 


Tamoxifen is widely used as adjuvant therapy in 
breast cancer patients for its antiestrogenic effects 
on breast tissue. Tamoxifen has a mild estrogenic ef- 
fect on the endometrium. According to a study of 
700 patients on tamoxifen |27], slightly over a third 
of cases had an abnormal endometrium, whereas 
the rest had atrophic or functional endometrium. 
Endometrial changes related to the tamoxifen treat- 
ment, including endometrial malignancy, are well 
documented [27-30]. The various endometrial pa- 
thologies include hyperplasia, polyps, atrophy, car- 
cinoma, and sarcoma, with the most common 
being polyps [30]. Despite its low specificity, trans- 
vaginal US is often used to screen women on ta- 
moxifen for endometrial anomalies. Thickening of 
the endometrium has been observed in postmeno- 
pausal women treated with tamoxifen [31]. There is 
little consensus on the cut-off value for normal 
endometrial thickness in asymptomatic women 
on tamoxifen. In a study of 117 asymptomatic 
postmenopausal women on tamoxifen, Fong and 
colleagues [32] found 6 mm to be the optimal 
cut-off value for normal endometrial thickness on 
transvaginal US. In their study, endometrium ex- 
ceeding 6 mm in thickness or showing focal finding 
of a mass or thickening had a sensitivity of 85.1%, 
a specificity of 55.7%, a positive predictive value of 
56.3%, a negative predictive value of 84.8%, and 
a positive likelihood ratio of 1.92 for the detection 
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of endometrial pathology. They also found that so- 
nohysterography (called hysterosonography in 
their study) improves specificity (79.2% in their 
study). Sonohysterography is also more sensitive 
than endometrial biopsy in the detection of endo- 
metrial lesions [33]. 

The most common abnormal manifestation of 
tamoxifen treatment on a transvaginal US is a thick- 
ened endometrium with multiple cystic spaces 
(Fig. 16). This feature is nonspecific. It may be 
caused by hyperplasia (Fig. 17) or pseudo thicken- 
ing due to subendometrial cysts (Fig. 18) lined by 
atrophic endometrium. The latter does not require 
further intervention. Such a distinction in the endo- 
metrial findings can be accurately assessed only by 
sonohysterography. 


Role of sonohysterography 
in postmenopausal bleeding 


Transvaginal US is generally accepted as the first im- 
aging investigation for the evaluation of the endo- 
metrium in postmenopausal bleeding. In patients 
who are not on hormone therapy, an endometrial 
thickness of 4 mm is generally accepted as the cut- 
off limit of normal on transvaginal US. The use of 
SIS or direct hysteroscopy as the next investigation 
in cases of increased endometrial thickness remains 
a controversial issue. An algorithmic approach in 
the diagnostic work-up of postmenopausal patients 
who have abnormal uterine bleeding has been sug- 
gested elsewhere [34]. SIS may be offered to pa- 
tients who have endometrial thickening (Fig. 19A, 
B) to determine if the thickening is due to a ol 
lesion or diffuse abnormality and to help in direct- 
ing these patients to hysteroscopy or routine endo- 
metrial biopsy, respectively. 

In patients on hormone therapy, there is no clear 
consensus on the cut-off limit for normal endome- 
trial thickness. Differences in endometrial thickness 


g. 16. Transvaginal US of a postmenopausal woman 
on tamoxifen showing thickened endometrium with 
cystic spaces (arrows). 


Fig. 17. A 55-year-old woman undergoing tamoxifen 
treatment for 5 years. Sonohysterogram shows cir- 
cumferential thickening of the endometrium (closed 
arrows) measuring 12 mm and containing cystic 
spaces. The catheter (open arrows) is in the cervix. 
Histopathology from hysteroscopy with dilatation 
and curettage showed endometrial hyperplasia with 
atypia. (From LE Hann, Gretz EM, Bach AM, Francis 
SM. Sonohysterography for evaluation of the endo- 
metrium in women treated with tamoxifen. AJR Am 
J Roentgenol 2001;177:339; with permission.) 


18. A 63-year-old woman with tamoxifen who re- 
quired no further examination after sonohysterogra- 
phy revealed that apparent endometrial thickening 
on transvaginal US was due to subendometrial cysts. 
On longitudinal sonohysterogram, the endometrium 
(open arrows) appears normal, and a subendometrial 
cyst (closed arrow) is seen. (From LE Hann, Gretz EM, 
Bach AM, Francis SM. Sonohysterography for evalua- 
tion of the endometrium in women treated with ta- 
moxifen. AJR Am J Roentgenol 2001;177:341; with 
permission.) 


Saline Infusion Sonohysterography 


(arrows) on transvaginal US. (B) Sonohysterogram reveals two polyps (arrows). The rest of the endometrium 
is atrophic (arrowheads). Transcervical hysteroscopy confirmed the findings. Histopathology revealed benign en- 
dometrial polyps. 


were observed in different therapy regimens, with 
greater thickening observed with unopposed estro- 
gen compared with continuous combined and se- 
quential estrogen-progestogen therapy [35,36]. 
Patients taking sequential therapy undergo cyclical 
bleeding, similar to premenopausal women, nor- 
mally occurring after the last intake of progestogen. 
In studies where the scans of patients on sequential 
therapy were timed (usually between day 5 to 10 af- 
ter the last progestogen intake and after withdrawal 
bleeding has taken place), a thinner endometrium 
was observed [37,38] compared with earlier studies 
[36,39] where the scans were not timed. The mean 
thickness observed in the studies with timing 


ranged from 3.5 mm (+1.2 mm) [37] to 4.3 mm 
(1.2 mm) [38]. Women on continuous combined 
estrogen-progestogen therapy do not have endome- 
trial thickness that is significantly different from 
those on sequential therapy |37]. 

In patients who present with unscheduled 
bleeding, a lower cut-off of 4 mm is suggested as 
a safe limit [36] for the diagnosis of endometrial at- 
rophy as the cause of the bleeding. It is generally ac- 
cepted that no further intervention is required for 
these patients apart from regular follow-up. In 
asymptomatic women, where there is less inclina- 
tion toward intervention, an upper limit of 6 mm 
may be appropriate [34,36]. Some studies 


Algorithm for assessment of postmenopausal bleeding and endometrial thickening 


TVUS 


Symptomatic/Not on Hormone 
Therapy 


</=4mm >4mm or 
poorly visualised 


Follow-up, TVUS 


SIS 


Asymptomatic on Hormone Therapy 


>6mm </=6mm 


4 | 


Follow-up, TVUS 


Diffuse thickening 


Endometrial biopsy/ 
Dilatation & curettage 


Focal abnormality 


Hysteroscopy & biopsy 


Fig. 20. Algorithm for assessment of symptomatic and asymptomatic postmenopausal women. 


Fig. 21. Coronal image of the uterus reconstructed 
from 3D US revealing normal triangular endometrial 
cavity. The shadowing is due to the catheter (arrow) 
and air bubbles (arrowhead). 


recommend endometrial sampling for patients 
who have endometrial thickness of over 4 mm 
[40,41]. An illustration of the diagnostic algorithm 
for the management of abnormal endometrial 
thickening and postmenopausal bleeding is pre- 
sented in Fig. 20. Besides further diagnostic or sur- 
gical intervention, some clinicians have opted to 
change hormonal regimen and re-evaluate on trans- 
vaginal US. Other nonhormonal medications (tibo- 
lone and raloxifene) have little or no stimulatory 
effect on the endometrium. 


Three-dimensional saline infusion 
sonohysterography 


3D US, when performed with saline infusion, can 
yield additional useful information about the 


Fig. 22. Coronal image of the uterus reconstructed 
from 3D US of the patient shown in Fig. 2 showing 
right cornual endometrial polyp (arrowheads) and 
triangular endometrial cavity. 


uterus, the endometrial cavity, and lesions that 
may occur within [42,43]. It provides detailed in- 
formation of the internal and external contours of 
the uterus (Fig. 21), obviating the need to perform 
surgery for diagnosis alone. There is better depic- 
tion of endometrial lesion location (Fig. 22). 
More recently, a 3D sonographic inversion render- 
ing was introduced that converts anechoic voxels 
to echogenic ones. Fluid-filled structures are made 
echogenic and displayed in three dimensions. 
With this technique, a digital “cast” of the endome- 
trial cavity may be made and further studied [44]. 


Saline infusion sonohysterography-guided 
interventional procedures on endometrial 
lesions 


Initial feasibility studies using various catheters and 
techniques have indicated that it is possible to ob- 
tain adequate tissue samples of the endometrium 
[45,46] and to perform polypectomy [47] with 
SIS guidance. 


Summary 


SIS adds useful diagnostic information to transvagi- 
nal US in the evaluation of abnormal endometrial 
thickening, submucosal leiomyomas, endometrial 
changes due to tamoxifen, and other endometrial 
anomalies, such as synechia. Its applications con- 
tinue to grow with the addition of 3D US tech- 
niques and its use in guiding biopsies or 
polypectomies within the endometrial cavity. It is 
simple to perform and well tolerated by patients.It 
should be included as part of the training curricu- 
lum for physicians performing gynecologic US. 
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Mimics of an adnexal mass 


Transabdominal and transvaginal sonography 
are the community standard for the performance 
of pelvic sonography. Since their introduction, 
transvaginal probes have become the principal 
tools for evaluating the female pelvis |1]. Transab- 
dominal imaging provides a global anatomic sur- 
vey, whereas transvaginal imaging provides 
improved texture determination and characteriza- 
tion of the internal architecture of the ovary, vascu- 
lar anatomy, and adnexal area. The location, size, 
consistency, and origin of adnexal masses may be 
defined with a combination of transvaginal and 
transabdominal scanning |2,3]|. Transrectal ultra- 
sound is performed whenever there is a contraindi- 
cation to transvaginal scan, such as in the 
evaluation of the pediatric pelvis or in women 
who have never been sexually active. Transperineal 
scans also have a role to play in determining the or- 
igin and extent of some tumors. This article presents 
grayscale, color, and power Doppler features of 
common and uncommon benign and malignant 
adnexal masses. 


Role of three-dimensional ultrasound 
Role of color flow Doppler 

Power Doppler imaging 

Summary 
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Sonographic evaluation of the adnexal mass 


The benefit of ultrasound lies in its ability to char- 
acterize the mass and give significant insight as to 
its probable nature. Correlation of sonographic im- 
ages with pathologic findings has led to a substan- 
tial understanding of adnexal abnormalities. The 
development of scoring systems to characterize 
and define ovarian lesions, first based on morpho- 
logic characteristics and later including color Dopp- 
ler flow data, brought us closer to a relatively 
reliable distinction between benign and malignant 
lesions, or at least to a negative predictive value in 
the range of 97% to 99%. The use of grayscale ultra- 
sound morphology to characterize a pelvic mass is 
based on “pattern recognition” Subjective evalua- 
tion of ovarian masses based on pattern recognition 
can achieve sensitivity of 88% to 100% and specific- 
ity of 62% to 96%. Such subjective evaluation is 
found to be superior to scoring systems. Pattern rec- 
ognition is superior to all other ultrasound 
methods (eg, simple classification systems, scoring 
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systems, and mathematical models for calculating 
the risk of malignancy) for discrimination between 
benign and malignant extrauterine pelvic masses 
[4,5]. 


Benign adnexal lesions 


The majority of ovarian masses are simple cysts 
(Fig. 1), most of which are benign. In this context, 
it is important to remember that the diagnosis of 
a “simple cyst” is based purely on ultrasound 
findings. 


Functional ovarian cysts 
Functional ovarian cysts result when a mature folli- 
cle does not rupture and the follicle continues to 
grow. Functional cysts include follicular cysts, se- 
rous inclusion cysts, corpus luteum, corpus albicans 
cysts, hemorrhagic cysts, and theca lutein cysts 
[2,3,6]. Most of these are simple cysts. Sonographi- 
cally they appear unilocular, round, and anechoic 
with an imperceptible wall and posterior through 
transmission |4]. Functional cysts can become quite 
large but are usually less than 10 cm in size. These 
may produce discomfort or delayed menses but 
can be observed to regress within two menstrual cy- 
cles, although some persist for several months. 
Corpus luteum cysts occur in the secretory phase 
of the menstrual cycle. Corpus luteal cyst in preg- 
nancy reaches its maximum size by 7 weeks, and 
resolution occurs by 16 weeks. The corpus luteum 
can have a wide range of appearances on ultra- 
sound (US) in the first trimester of pregnancy. The 


Fig. 1. Simple ovarian cyst. Transvaginal color flow 
Doppler image demonstrates a large simple ovarian 
cyst. 


most common appearance is that of a round, 
thin-walled hypoechoic structure that demonstrates 
diffuse, homogeneous, low-level echoes. Other re- 
ported grayscale appearances (in order of decreas- 
ing frequency) include a cyst with a thick wall and 
anechoic center, a cyst that contains scattered inter- 
nal echoes (Fig. 2A), and a thin-walled simple cyst 
that is similar in appearance to a follicular cyst |7]. 
On color flow Doppler sonography, it shows a typi- 
cal “ring of fire” (Fig. 2B), and spectral Doppler ex- 
amination reveals prominent diastolic flow |8]. The 
“ting of fire” appearance is secondary to increased 
vascularity in the periphery and is a nonspecific 
sign, because this may be seen in a mature Graafian 
follicle as well. Corpus luteal cyst of pregnancy is 
very vascular because of its hormonal status and 
may present with hemorrhage (known as a hemor- 
rhagic corpus luteum), but the physiologic features 
are the same regardless of size |2,3,9]. 

Any functional cyst may hemorrhage within and 
present as a hemorrhagic cyst (HC). The internal 
echo pattern varies with the stage of hemorrhage 
and the amount of fluid within the cyst. Evidence 
of posterior through transmission is typically pres- 
ent because of the cystic composition [10,11]. 

The average diameter of an HC is 3.0 to 3.5 cm 
(range: 2.5-8.5 cm). The cyst wall is thin (2-3 
mm), well defined, and regular [12]. US appearance 
of HC may have diffuse echogenic material within, 
diffuse echoes with visible fibrin strands, retracting 
thrombus, or a fluid—fluid level. Jain | 13] described 
the occurrence of fibrin strands within an HC as 
a “fishnet” appearance (Fig. 3A). The presence of a 
retracting thrombus adhering to the wall of a cyst 
is an additional sonographic feature. This finding 
may be occasionally confused with a focal mural 
nodule. A retracting clot typically has a concave 
margin, whereas mural nodules have convex mar- 
gins. Retracting clots also appear to have a variable 
central echogenic pattern, whereas most mural 
nodules appear isoechoic in relation to the wall of 
the cyst. Okai and colleagues | 14] serially followed 
28 cases of hemorrhagic ovarian cysts that regressed 
spontaneously within 8 weeks. Color Doppler flow 
studies do not reveal any blood flow within a re- 
tracting clot or the fibrin strands (Fig. 3B) [2,3,9]. 

Theca lutein cysts (also called lutein cysts, hyper- 
reactio luteinalis) are luteinized follicle cysts that 
form as a result of overstimulation from high 
hCG levels or hypersensitivity to human chorionic 
gonadotrophin (hCG) in normal pregnancy. Bilat- 
eral multiseptated cystic adnexal masses ina woman 
who has gestational trophoblastic disease (Fig. 4), 
multiple gestation, ovarian hyperstimulation, or 
a pregnancy complicated by fetal hydrops are likely 
to represent theca lutein cysts, rather than malig- 
nancy. Theca lutein cysts are reported with 
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Corpus luteum cyst. (A) Transvaginal grayscale image of the left ovary demonstrates a cyst with debris 
within, suggestive of hemorrhage in a corpus luteum cyst. (Courtesy of A. Khurana, MD, India). (B) Correspond- 
ing color flow Doppler image demonstrates peripheral vascularity—called the “ring of fire.” 


complete hydatidiform moles 14% to 30% of the 
time . In normal pregnancy, the cysts gradually 
resolve weeks to months after the source of hCG is 
eliminated. Complications include torsion, infarc- 
tion, and hemorrhage. 


Endometriosis is defined as the presence of func- 
tional endometrial tissue outside the uterine cavity 
and the myometrium. The most common site of in- 
volvement in endometriosis is the ovary, followed 
by the uterine ligaments (posterior broad ligament, 
uterosacral ligament), pelvic cul-de-sac, pelvic peri- 
toneum, fallopian tubes, rectosigmoid, and blad- 
der. Endometriotic cysts (endometriomas) usually 
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occur within the ovaries and result from repeated 
cyclic hemorrhage. More than 90% of endometrio- 
mas are pseudocysts formed by invagination of the 
ovarian cortex, which is sealed off by adhesions. En- 
dometriomas may completely replace normal ovar- 
ian tissue. Cyst walls are usually thick and fibrotic, 
frequently with dense fibrous adhesions and areas 
of discoloration. Cyst content generally is com- 
posed of thick, dark, degenerate blood products, 
and this appearance has been called “chocolate 
cyst” : 

The sonographic features of endometriomas are 
varied, ranging from anechoic cysts to cysts with dif- 
fuse low-level echoes to solid-appearing masses. 
Fluid-fluid or debris-fluid levels may also be 


Hemorrhagic ovarian cyst. (A) Transvaginal grayscale image of the right ovary demonstrates a typical “fish- 
net” appearance. (B) Grayscale and color flow Doppler image of the right ovarian cyst with a retracting blood 


clot adherent to the cyst wall and absent vascularity. 
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Theca lutein cysts. Transvaginal grayscale im- 
age of the pelvis demonstrates multiple simple bilat- 
eral ovarian cysts in this patient with a hydatidiform 
mole. A pocket of free fluid is present between the 
two ovaries (arrow). (From Webb EM, Green GE, 
Scoutt LM. Adnexal mass with pelvic pain. Radiol 
Clin North Am 2004;42:335; with permission.) 


seen. They may be unilocular or multilocular with 
thin or thick septations 

One of the more common appearances of endo- 
metrioma is that of an adnexal mass with diffuse 
low-level echoes ( A). This appearance is 
seen in 95% of endometriomas . Typical endo- 
metriomas do not show any vascularity . The 
presence of hyperechoic wall foci (punctate periph- 
eral echogenic foci) on sonographic examination is 
very specific for endometriomas. Echogenic wall 
foci differ from wall nodularity and are an impor- 
tant discriminating feature. A mass with low-level 
internal echoes, hyperechoic wall foci, and no neo- 
plastic features is 32 times more likely to be an en- 
dometrioma than another adnexal mass. This 
echogenic wall focus was found to be the highest 


single predictor of endometrioma and is believed 
to represent cholesterol deposits 

In a recent study, the appearance of “kissing ova- 
ries” is suggested as an indirect sign of endomettri- 
osis, especially in diagnosing adhesions and the 
most severe form of the disease, which is significant 
pelvic extension of the endometriosis with dense 
adhesions. The diagnosis of kissing ovaries is 
made when both ovaries are joined behind the 
uterus in the cul-de-sac and cannot be separated 
by pushing the transvaginal probe or by manipulat- 
ing the uterus transabdominally ( B). The de- 
tection of kissing ovaries by US is strongly 
associated with the presence of endometriosis and 
is a marker of the most severe form of this disease 


Certain reports have suggested that solid areas or 
polypoid projections are suggestive of malignancy 
in an endometrioma. Malignant transformation 
has been documented in 0.3% to 0.8% of patients 
who have ovarian endometriosis. For a high level 
of sonographic confidence in detection of endome- 
triomas, attention must be focused on assessment 
of wall nodularity to exclude a malignancy 


Hydrosalpinx is characterized by obliteration of the 
fimbriated end and dilatation of the fallopian tube, 
usually the ampullary and infundibular portions. If 
the ovary is first involved by tubo-ovarian adhe- 
sions, the dilated tube may compress the ovary. 
The tube usually contains clear, serous fluid. Most 
cases of hydrosalpinx have a typical appearance 
and may be easily distinguished from ovarian ab- 
normalities. Hydrosalpinges are tubular, elongated, 
extraovarian structures, and some show longitudi- 
nal folds ( ). 
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Endometrioma. (A) Transvaginal grayscale image demonstrates a left ovarian cyst with low-level echoes. 
(B) Transabdominal grayscale image of the pelvis with bilateral endometriomas demonstrates the “kissing ova- 


ries” sign. (UT, uterus.) 


Sonography of Adnexal Masses 


Fig. 6. Hydrosalpinx. Transvaginal grayscale (A) and color flow Doppler (B) images of the left adnexa demon- 
strate serpiginous, tubular, anechoic, and avascular structures in the left adnexa. (LO, left ovary.) 


Tessler and colleagues [20] described a tubular 
structure with folded configuration and incomplete 
septations as the most consistent sonographic fea- 
ture in 12 cases of hydrosalpinx. Timor-Tritsch 
and colleagues |21] also analyzed the shape of the 
mass, wall structure, wall thickness, and ovarian in- 
volvement. They suggested that many hydrosal- 
pinges appear as ovoid or pear-shaped fluid 
collections with incomplete septae, multiple hyper- 
echoic mural nodules (beads-on-a-string sign), and 
short linear projections (cogwheel sign). A waist 
sign has been described in cases of hydrosalpinges, 
representing the diametrically opposed indenta- 
tions along the wall of the mass lesion. 

Patel [22] reported that the combination of the 
waist sign and tubular shape of the mass had no 
false positives for diagnosis of hydrosalpinx, lead- 
ing to a calculated likelihood ratio exceeding 18:9. 
In their study, incomplete septations and short lin- 
ear projections were findings predictive of hydrosal- 
pinx; however, independently each sign was less 
predictive than the tubular shape of the mass or 
the waist sign. They suggested that incomplete sep- 
tations were less useful as a diagnostic sign, because 
these can also be detected in some cystic tumors. 
The sonographic detection of a normal-appearing 
ovary ipsilateral to a cystic adnexal mass aids in ac- 
curate diagnosis of the mass as representing a hydro- 
salpinx rather than an ovarian mass. However, in 
some cases the ovary may also be involved in the 
disease process, extending to form a chronic tubo- 
ovarian mass. 


Pelvic inflammatory disease 

Pelvic inflammatory disease (PID) is one of the 
most common causes of acute pelvic pain in 
women, and imaging findings vary with the stage 


of disease. The sonographic findings may be normal 
early in the course of the disease. Sonographic 
markers for tubal inflammatory disease have been 
described as 1) thickening of the tube wall of 
5 mm or more; 2) the cogwheel sign, defined as a 
sonolucent, cogwheel-shaped structure visible in 
a cross-section of a tube with thick walls, correlating 
with inflammatory changes in acute salpingitis; 3) 
incomplete septa, correlating with folds or kinks 
in the dilated tube, which may be sonolucent or 
contain low-level echoes (Fig. 7A); 4) the beads- 
on-a-string sign, defined as hyperechoic mural nod- 
ules (about 2-3 mm) seen on the cross-section of 
a fluid-filled, distended structure; 5) Tubo-ovarian 
complex, in which the ovaries and tubes are recog- 
nized, but the ovary cannot be separated from the 
tube; 6) tubo-ovarian abscess with marked probe 
tenderness, formation of a conglomerate mass, or 
fluid collection; and 7) cul-de-sac fluid. 

A tubo-ovarian abscess may present as an asymp- 
tomatic probable adnexal mass that did not com- 
pletely resolve previously. The US appearance 
varies according to its appearance at the time of sta- 
bilization of the inflammatory process. The mass 
may be purely cystic, have multiple loculations, 
have thick septations, and contain complex debris 
(Fig. 7B). Much less common than a tubo-ovarian 
abscess is an abscess confined to the ovary. An ovar- 
ian abscess is typically a result of direct or lymphatic 
spread of organisms from a nongynecologic 
pelvic inflammatory process (eg, diverticulitis, ap- 
pendicitis, infection following pelvic surgery) 
[2,4,9]. Presence of any free fluid is worrisome, 
and the possibility of pus must be considered. Al- 
though the combination of sonographic and clin- 
ical findings is often quite specific for PID, there 
are several other common diagnoses in the 
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Fig. 7. Pelvic inflammatory disease. (A) Transvaginal grayscale image demonstrates debris within the dilated fal- 
lopian tube. (B) Transabdominal grayscale image in patient with fever and confirmed PID reveals pelvic abscess 
(arrows). (UT, uterus.) 


differential diagnosis. The most common alterna- 
tive diagnoses, with findings that simulate PID by 
the presence of an indistinct uterus and complex 
pelvic fluid, are ruptured endometrioma or HC 
and perforated appendicitis |23]. Perihepatitis as- 
sociated with PID is known as Fitz-Hugh-Curtis 
Syndrome [23]. 


Mature cystic teratoma 
Mature cystic teratoma constitutes 20% to 25% of 
pelvic masses. Mean age of presentation is 30 years, 
and 12% are bilateral. Mature cystic teratomas grow 
slowly at an average rate of 1.8 mm each year, 
prompting some investigators to advocate nonsur- 
gical management of smaller (<6 cm) tumors. The 
presence of fat opacity or fat signal intensity in an 
ovarian lesion is highly specific for a teratoma. Ma- 
ture cystic teratomas are predominantly cystic with 
dense calcifications, whereas immature teratomas 
are predominantly solid with small foci of lipid ma- 
terial and scattered calcifications. Although der- 
moids have a wide spectrum of sonographic 
appearances, depending on the elements present 
(ectoderm, mesoderm, or endoderm), certain dis- 
tinct features occur with a degree of consistency. 
Among these are dermoid mesh with hyperechoic 
calcifications, indicating the presence of bone, 
teeth, or other ectodermal derivatives in a predomi- 
nantly cystic medium, hyperechoic solid mural 
components, and hair-fluid levels [2-4,24]. 
Sonographic appearance, in order of decreasing 
frequency, is cystic lesion with a densely echogenic 
tubercle (Rokitansky nodule); diffusely or partially 
echogenic mass, with the echogenic area usually 
demonstrating sound attenuation; and multiple 
thin echogenic bands caused by hair in the cyst. 
These sonographic criteria have 58% sensitivity 


and 99% specificity [25]. Sometimes the presence 
of echogenic focus (secondary to calcification) re- 
sults in a curvilinear interface with acoustic shad- 
owing and may obscure the visualization of 
mature cystic teratoma; hence this is called the 
“tip of the iceberg” sign (Fig. 8). 

Unusual findings in mature cystic teratoma may 
result in occasional diagnostic difficulties. Multiple 
spherical structures (fat balls) floating free in a large 
cystic mass is one of the rarer patterns that can be 
mistaken for malignancy. The sonographic feature 
of intracystic floating echogenic balls is probably 
pathognomonic for mature teratoma and is easily 
detected in most cases |26]. In cases with sono- 
graphic features simulating malignancy, color 
Doppler mapping may be helpful. Color Doppler 
sonography is helpful in differentiating these be- 
nign nodules (small balls) from malignant tumor 
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Fig. 8. Bilateral mature cystic teratoma. Transverse 
grayscale image demonstrates bilateral mature cystic 
teratomas (arrows). This image also shows the “tip 
of the iceberg” sign. Incidentally seen is a fibroid (ar- 
rowhead) in the anterior wall of the uterus (UT). 
(Courtesy of V. Dogra, MD, Rochester, NY.) 
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Sonography of Adnexal Masses 


Fig. 9. Parovarian cyst. Transvaginal grayscale image demonstrates a left parovarian cyst with a corresponding 
four-dimensional US reformatted image that demonstrates better delineation and extent of the cyst. (Courtesy 


of A. Khurana, MD, India.) 


[26]. The most common tumor associated with 
ovarian torsion is mature cystic teratoma | 27]. 


Parovarian/paratubal cysts 

Parovarian/paratubal cysts may arise from meso- 
nephric (Wolffian) structures, paramesonephric 
(Mullerian) structures, or mesothelial inclusions. 
The hydatid of Morgagni is by far the most com- 
mon paramesonephric cyst and is found arising 
from the fimbrial end of the fallopian tube. Sono- 
graphically, these have thin, deformable walls that 
are not surrounded by ovarian stroma and appear 
as simple cysts adjacent to the ovary (Fig. 9). They 
may be easily missed or mistaken for ovarian cysts 
but are confirmed by separating the cyst from the 
ovary on transvaginal examination. These cysts 
can arise anywhere in the adnexal structures; if 
they are large, their point of origin may not be clear. 
Their size does not change with the hormone cycle 
[2,3]. 


Peritoneal inclusion cysts 
Although fairly common, peritoneal inclusion cysts 
are less well-recognized entities on imaging of the 
female pelvis. Peritoneal inclusion cysts, also 
known as peritoneal pseudocysts and inflammatory 
cysts of the pelvic peritoneum, present with a variety 
of imaging appearances, which can be confused 
with various adnexal masses of the female pelvis. 
Peritoneal inclusion cysts occur predominantly 
in premenopausal women who have a history of 
previous abdominal surgery, trauma, PID, or endo- 
metriosis |28]. Peritoneal adhesions extend to the 
surface of the ovary and may distort the ovarian 
contour but not penetrate the ovarian parenchyma. 
When the adhesions surround the ovary, and fluid 
accumulates, complex cystic masses form. The en- 
trapped ovary appears like a spider in a web and 


may be mistaken for a solid nodular portion of 
the tumor with surrounding septations. Sometimes 
the ovary is eccentrically located to the adhesions. 
This is called spider-web pattern (entrapped ovary) 
(Fig. 10) [29]. These cysts may simulate hydrosal- 
pinx, pyosalpinx, or even an ovarian mass. Sono- 
graphic diagnosis depends on the presence of 
normal ipsilateral ovary with surrounding loculated 
fluid conforming to the peritoneal space [29]. The 
fluid is usually anechoic but may contain echoes 
in some compartments, owing to hemorrhage or 
proteinaceous fluid. Peritoneal inclusion cyst must 
be differentiated from parovarian cysts and hydro- 
salpinx [2,3]. 


Fig. 10. Peritoneal inclusion cyst. Transvaginal gray- 
scale image of the right adnexa demonstrates a spi- 
der-web pattern with presence of loculated fluid 
and an eccentric right ovary (OV). 
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Polycystic ovaries 

Polycystic ovaries occur in approximately 17% of 
women of reproductive age. The classic signs and 
symptoms result from excessive androgen produc- 
tion, inappropriate gonadotropin secretion, and 
chronic anovulation and are manifested by acne, 
hirsutism, and menstrual irregularity [30]. Polycys- 
tic ovarian disease (PCOD), or Stein-Leventhal syn- 
drome, is a common cause of infertility that is 
accompanied by secondary amenorrhea, hirsutism, 
and/or obesity [31]. The morphologic hallmark of 
the disease is mild enlargement of both ovaries, 
which contain multiple small cysts. Discrete cysts, 
however, are not sonographically visible in the ma- 
jority of patients [32], and as many as 30% of pa- 
tients who have PCOD have ovaries that are 
within normal size limits [33]. The number of folli- 
cles necessary to establish the diagnosis of polycys- 
tic ovaries has been reported to vary from more 
than five to 10 or at least 15 [34-36]. In a study 
by Pache and colleagues [37], a maximum of 11 fol- 
licles could be detected in normal ovaries, and 
a considerable number of ovaries in patients who 
had PCOD contained fewer than 11 follicles. In- 
creased ovarian echogenicity is an additional crite- 
rion for diagnosing PCOD but is very subjective. 
A combination of follicular size and ovarian vol- 
ume is the most sensitive objective parameter. It 
has a sensitivity of 92% and a specificity of 97% 
(Fig. 11). 


Postmenopausal cysts 

Small simple cysts are common in postmenopausal 
patients [38]. Fifteen percent of postmenopausal 
women may show simple cystic adnexal structures 
as large as 5 cm (Fig. 12). A cystic structure that is 
less than 30 mm in size, unilateral, and unilocular, 
has no internal echoes, solid areas, or nodules, and 
is avascular on color flow mapping may be re-eval- 
uated 6 and 12 weeks later and then annually if it 
does not increase in size or change in morphology. 
A simple unilocular cyst without solid components 
is highly unlikely to be malignant. Any mass with 
abnormal vascularity and all masses greater than 
50 mm in size warrant surgical evaluation. All 
masses associated with a rising CA-125 level war- 
rant surgical exploration [39]. 


Ectopic pregnancy 

Ectopic pregnancy is one of the most common gy- 
necologic emergencies that presents as vaginal 
bleeding or abdominal pain. Ectopic pregnancy 
most commonly (95%) occurs in the ampullary 
or isthmic portions of the fallopian tube. An ectopic 
pregnancy can be diagnosed with confidence when 
an adnexal mass that contains a yolk sac or viable 
embryo is identified (Fig. 13A). In the absence of 


a visualized yolk sac or fetal pole, the so-called 
“echogenic adnexal” (or tubal) ring sign is the sec- 
ond most specific US finding for ectopic pregnancy 
[40]. It may be difficult to differentiate the tubal 
ring of an ectopic pregnancy from an exophytic cor- 
pus luteal cyst. An anechoic structure with an echo- 
genic, vascular rim truly located within the ovary is 
statistically much more likely to be a corpus luteal 
cyst, because true intraovarian ectopic pregnancies 
are rare |7]. 

Differentiation between an ectopic pregnancy 
and an exophytic corpus luteal cyst can be aided 
by gently tapping on the ovary with the transducer. 
Independent movement of the ovary indicates an 
extraovarian location of the adnexal ring, which 
confirms ectopic pregnancy |7]. The demonstration 
of the embryonic cardiac activity confirms intrauter- 
ine pregnancy. (However, gestations earlier than 5 
to 6 weeks may not show evidence of cardiac 
activity. ) 

As many as 20% of patients who have ectopic 
pregnancy demonstrate an intrauterine pseudoges- 
tational sac, which should be differentiated from 
the double decidual sac of an intrauterine preg- 
nancy. The pseudogestational sac does not contain 
a living embryo or yolk sac and is located in the cen- 
ter of the endometrial cavity (unlike the burrowed 
gestational sac, which is placed eccentrically). Color 
Doppler imaging plays an important role in differ- 
entiating an ectopic pregnancy from a corpus 
luteum (CL). Both demonstrate abundant vascular- 
ity at the periphery—“ring of fire” on color flow im- 
aging (Fig. 13B)—which is by itself a nonspecific 
sign and may also be seen around a mature ovarian 
follicle or HC. 

It has been found that low (<0.39) and high 
(>0.7) resistive indices (RIs) are specific for ectopic 
pregnancy (100% specificity and positive predictive 
value). A higher RI suggests the presence of less ac- 
tive trophoblasts and therefore a spontaneous reso- 
lution of the ectopic pregnancy. Color Doppler 
evaluation of the endometrium may help discrimi- 
nate between ectopic pregnancy and CL. Ectopic 
pregnancies may show endometrial blood flow, 
but the RI is usually greater than 0.55, and peak sys- 
tolic velocity (PSV) is less than 15 cm/s. Demon- 
stration of the presence of trophoblastic tissue in 
the endometrium, even in the absence of a visible 
double decidual sac, is suggestive of an intrauterine 
pregnancy and excludes ectopic pregnancy. Tropho- 
blastic tissue is identified by the detection of low re- 
sistance flow in the endometrium with RI less than 
0.55 and PSV greater than or equal to 15 cm/s. 
Screening of the upper abdomen as a routine part 
of the pelvic examination is mandatory to search 
for free fluid in Morison’s pouch or along the 
flanks. Echogenic free fluid does not always mean 
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1. Polycystic ovarian disease. (A) Power Doppler image of bilateral ovaries demonstrates multiple follicles. 
(B) Corresponding four-dimensional images demonstrate ovarian volume calculation in polycystic ovaries. (Cour- 


tesy of A. Khurana, MD, India.) 


a ruptured ectopic pregnancy, although the greater 
the quantity of fluid, the greater the chance of find- 
ing a ruptured ectopic pregnancy [3,9,4 

The sonographer should remember that in as 
many as 26% of ectopic pregnancies, no intrauter- 
ine pregnancy or adnexal abnormality may be 
detectable by endovaginal sonography. Clinical 
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correlation and close follow-up are of paramount 
importance | 


Ovarian remnant syndrome, a complication of oo- 
phorectomy, usually occurs in patients who have 
distorted anatomy resulting from adhesions and 
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2. Postmenopausal cysts. Transvaginal grayscale images of both ovaries demonstrate simple cysts bilaterally 


in a postmenopausal woman. 
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Ectopic pregnancy. (A) Transvaginal grayscale image demonstrates an extraovarian mass with an embry- 
onic pole (within calipers) and a tubal ring sign (arrows). (B) Grayscale and color flow Doppler image demon- 
strates a nonovarian adnexal mass with tubal ring sign and peripheral vascularity (ring of fire). (OV, ovary.) 


endometriosis, making surgical dissection difficult. 
Residual ovarian tissue under hormone stimulation 
can become functional and produce pelvic pain, ex- 
trinsic compression of the distal ureter, or both. 
These cysts can be significantly symptomatic despite 
their small size because of the surrounding adhe- 
sions. Seen as complex cystic masses on ultrasonog- 
raphy, the cysts vary from small to relatively large 
completely cystic or complex masses. A thin rim of 
ovarian tissue is usually present in the wall of the 
cyst ( ) . Laparoscopic ultrasonography 
has been reported to be a useful tool adjunct in lap- 
aroscopic surgery for ovarian remnant syndrome. 


Serous cystadenoma is a very common tumor and 
may mimic a physiologic cyst or, occasionally, an 
atypical mature cystic teratoma that lacks the char- 
acteristic eccentric mural nodule. Serous cystadeno- 
mas arise from the surface epithelium of the ovary 
and are lined by cuboidal epithelium. They consti- 
tute 20% of all benign ovarian neoplasms and are 
usually encountered during the reproductive years. 
In 7% to 12% of patients, these tumors are bilateral. 
They are thin walled and uni- or multilocular and 


range in size from 5 cm to more than 20 cm 
( ). They may have fine septa. The inner lin- 
ing may be smooth or have areas with grossly visi- 
ble papillary projections. Color Doppler flow 
studies obtained from the mural nodule may detect 
low resistance flow pattern 


Mucinous cystadenoma is a less common, almost 
always simple or septate, thin-walled multilocular 
cyst; it may be large ( ). In many of these tu- 
mors, the imaging appearance of the individual loc- 
ules may vary as a result of differences in degree of 
hemorrhage or protein content, often with internal 
echoes, with compartments differing in echogenicity. 
Apart from the septa that divide the cavities of 
the masses into smaller independent compart- 
ments, no solid areas are seen . The sono- 
graphic detection of variable echogenicity in the 
contents of an adnexal multilocular cyst strongly 
suggests a mucinous tumor . The difference in 
the chemical composition of fluids, rather than 
the difference in viscosity, is responsible for the dif- 
ferent sonographic echogenicities. This sign may 
not appear in all mucinous tumors, because some 


Ovarian remnant syndrome. Transvaginal 
color flow Doppler image of right adnexa in a patient 
with history of oophorectomy demonstrates an ovar- 
ian cystic structure with surrounding ovarian tissue 
secondary to hormone stimulation. 


may have small differences in the chemical compo- 
sition of the contents of the different cavities that 
are undetectable on sonography 

Furthermore, some of the tumors are unilocular 
and have one type of mucin. Preoperative knowl- 
edge of the mucinous nature of the tumor is of cru- 
cial importance, because many of these tumors are 
resected laparoscopically, and spillage may occur. 
Spillage should be prevented, to avert both the po- 
tential spread of cells (in the event tumor turns out 
to be malignant) and pseudomyxoma peritoneii 


Fibromas are the most common benign, solid neo- 
plasms of the ovary. Their malignant potential is 
low, less than 1%. These tumors compose 
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approximately 5% of benign ovarian neoplasms 
and approximately 20% of all solid tumors of the 
ovary. Fibromas occur at all ages but are most fre- 
quently seen in middle-aged women. 

These tumors are commonly misdiagnosed as 
exophytic fibroids or primary ovarian malignancy. 
Meigs’ syndrome is the association of an ovarian fi- 
broma, ascites, and hydrothorax. Both the ascites 
and the hydrothorax resolve after removal of the 
ovarian tumor |2]. The diameter of a fibroma is im- 
portant clinically, because the incidence of associ- 
ated ascites is directly proportional to the size of 
the tumor. Ascites is present in 10% to 15% of cases 
of ovarian fibromas greater than 10 cm in diameter. 
On sonography, fibromas appear as solid, typically 
hypoechoic masses, but hyperechoic appearance 
has been reported with attenuation of the acoustic 
beam. Dense calcifications are known to occur in fi- 
bromas, which produce extensive posterior acoustic 
shadowing. Less than 10% of fibromas have calcifi- 
cations or small areas of hyaline or cystic degenera- 
tion. Bilateral ovarian fibromas are commonly 
found in women who have rare, genetically trans- 
mitted basal cell nevus syndrome. 


Malignant adnexal masses 


Considerable overlap in morphologic characteris- 
tics and corresponding imaging features may pre- 
vent definitive preoperative characterization of 
ovarian masses as benign or malignant. Nonethe- 
less, features suggestive of malignant epithelial tu- 
mors include a thick, irregular wall; thick septa; 
papillary projections; and a large soft tissue compo- 
nent with necrosis (Fi A, B) 4|. Calcifica- 
tions may be present. Solid elements or bilateral 
tumors suggest malignancy. Ascites form sec- 
ondary to peritoneal surface implantation 


Surgically confirmed serous cystadenoma. Transvaginal grayscale and corresponding three-dimensional 
US image of the right ovary demonstrate a complex cystic mass with a mural nodule that shows vascularity on 


the three-dimensional image. 
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Fig. 16. Surgically confirmed mucinous cystadenoma. (A, B) Grayscale images in two different patients demon- 


strate multiloculated cystic lesion with septations. 


(Fig. 17C). The tumor may spread to the lymph no- 
des (ie, the periaortic, mediastinal, supraclavicular, 
or peritoneum) (Fig. 17D) [4,47,48]. 

Other features supporting malignancy include 
papillary protrusions greater than 2 to 3 mm in 
thickness. The mass may show solid cystic compo- 
nents with bizarre, irregular vessels, with changing 
calibers and occasional vascular “lakes” [49]. The 
presence of a mural nodule is an additional feature 
supporting the diagnosis of malignancy and may 
demonstrate internal blood flow on color flow 
Doppler. 

Descriptive morphologic scoring may overcome 
the subjectivity of interpretation of morphologic 
characteristics in small masses and, at the same 
time, may incorporate criteria that prevent simplis- 
tic description of a complex mass (Table 1). 

With a score of 8 or higher, the likely ratio of ma- 
lignancy was 3.61, sensitivity was 92%, specificity 
was 76.9%, and positive predictive value was 
25.6%. Thus, sonographic morphologic character- 
istics could represent a cornerstone of the differen- 
tial diagnosis of small adnexal masses from their 
first observation [50]. Approximately 90% of pri- 
mary ovarian cancers are epithelial tumors, arising 
from the surface epithelium, and the rest arise 
from stromal and germ cells [51]. 

Rulin and Preston |52] analyzed 150 adnexal tu- 
mors in women older than 50 and noted 103 be- 
nign and 47 malignant tumors. Only one tumor 
of 32 that was smaller than 5 cm proved to be ma- 
lignant, whereas 6 of 55 tumors 5 to 10 cm in size 
and 40 of 63 tumors larger than 10 cm were malig- 
nant. The majority of the malignant tumors in this 
age group were epithelial, and most were greater 
than 10 cm. The size criteria for malignancy and be- 
nignity are based on this study; in a reproductive 


age group, a tumor smaller than 5 cm is usually 
benign, and a tumor larger than 5 cm needs further 
investigation, irrespective of age. 


Cystadenocarcinomas 

Serous cystadenocarcinoma is the most common 
malignant tumor seen in all age groups but is rare 
before age 40. Serous cystadenocarcinomas are bi- 
lateral in more than 50% of cases, with peak age 
of presentation being 70 to 75 years. The typical im- 
aging finding is a large-volume ascites out of pro- 
portion to the size of bilateral complex adnexal 
masses, of irregular shape with polypoid excres- 
cences on the surface. Widespread peritoneal carci- 
nomatosis with omental infiltration by the tumor 
(so-called “omental caking”) is invariably present 
in cases of serous papillary carcinoma [51]. 

Mucinous cystadenocarcinoma neoplasms are 
seen in older patients with a peak age of 75 to 80 
years. These tumors manifest as large, unilateral, 
multiseptated masses with a variable ratio of solid 
to cystic components. The presence of an enhancing 
solid component within a multicystic mass is 
a strong indicator of malignant cause. These tumors 
may be associated with pseudomyxoma peritoneii 
(Fig. 18). Pseudomyxoma peritoneii appear as lo- 
culated ascites with mass effect; on sonography 
they appear as hypoechoic fluid with bright punc- 
tate echoes |4]. 

Less common varieties of epithelial tumors are 
endometrioid, clear cell, Brenner, and undifferenti- 
ated carcinoma. These cannot be distinguished so- 
nographically. Endometrioid cancers are usually 
bilateral mixed solid and cystic masses, which 
may be associated with endometrial hyperplasia 
and even concomitant endometrial carcinoma. 
Clear cell tumor manifests at the younger age of 
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ig. 17. Malignant adnexal masses. (A) Transvaginal grayscale image demonstrates a large right adnexal complex 
mass with solid and cystic components. (B) Corresponding power Doppler image shows increased vascularity 
within the septae. Spectral Doppler (not shown) confirmed resistive index of less than 0.4, suggesting an ovarian 
carcinoma. (C) Mucinous cystadenocarcinoma. Transvaginal grayscale images of left adnexa demonstrate a cystic 
left ovarian mass (arrow) with mural nodulations (arrowhead) and low-level echoes with complex free fluid (as- 
terisk), consistent with malignant ascites. (D) Omental and peritoneal metastases. Grayscale US of the abdomen 
demonstrates omental caking (arrows) and peritoneal metastasis in a known case of ovarian carcinoma. 


55 to 59 years and has the typical appearance of 
a solitary complex cystic mass with a vascular solid 
mural nodule. It is associated with endometriosis 
and occasionally may arise within endometriomas 
Malignant germ cell tumors include dysgermino- 
ma and endodermal sinus tumors. Dysgerminomas 
are the most common malignant ovarian germ cell 


tumor, and they are the female equivalent of testic- 
ular seminomas |55]. If diagnosed when less than 
10 cm in size, they have a good prognosis for 
a cure with surgical resection. Dysgerminomas are 
bilateral in 10% to 20% of cases |56]. These are 
large, predominantly solid masses that are more 
common in younger women (second and third de- 
cades of life) (Fig. 19). These tumors manifest as 
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Table 1: Sonographic morphologic score for adnexal masses 


Score Capsule 


Absent 
Thin 

(<3 mm) 
Thick 

(>3 mm) 


Irregular, solid 
Irregular, not 
applicable 


Papillary 
excrescences 


Absent 


Echogenicity 


Anechoic 
Low echogenicity/ 
ground glass 


With solid areas 
Inhomogeneous, solid 


Data from Ferrazzi E, Lissoni AA, Dordoni D, et al. Differentiation of small adnexal masses based on morphologic 
characteristics of transvaginal sonographic imaging: a multicenter study. J Ultrasound Med 2005;24:1469. 


a large, solid, round, oval or lobulated, slightly glis- 
tening fibrous capsule and can be as large as 50 cm. 
Calcification may be present in a speckled pattern. 
Characteristic imaging findings include multilobu- 
lated solid masses with prominent fibrovascular 
septa [2,3]. Patients treated conservatively should 
be closely followed with periodic pelvic US or CT 
imaging evaluations, or both. Occasionally the se- 
rum lactic dehydrogenase is elevated as a nonspe- 
cific tumor marker |57]. 


Ovarian metastasis 

Approximately 5% to 30% of malignant ovarian tu- 
mors are metastatic in origin. The ovary is a com- 
mon site of tumor metastasis from the bowel 
(Krukenberg tumor) (Fig. 20), breast, and endome- 
trium, as well as from melanoma and lymphoma. 
The most common gastrointestinal tract origin for 
these tumors is the stomach, and the next most 


PELVIS 


Fig. 18. Pseudomyxoma peritoneii. Transabdominal 
grayscale image of the pelvis in a known case of mu- 
cinous cystadenocarcinoma demonstrates presence of 
loculated ascites. (UB, urinary bladder.) 


frequent is the large intestine. At least 80% of Kru- 
kenberg tumors are bilateral. 

Metastatic disease to the ovaries is often associ- 
ated with ascites. Metastatic lesions are usually solid 
or have a “moth-eaten” cystic pattern. The presence 
of a purely solid tumor indicates a higher probabil- 
ity of metastatic carcinoma than of primary ovarian 
cancer. However, with the use of grayscale and color 
Doppler sonography, it is difficult to differentiate 
primary ovarian carcinomas from metastatic tu- 
mors to the ovary |58]. Metastases are frequently bi- 
lateral and, at imaging, they range from solid 
enhancing lesions with different degrees of necrosis 
to complex cystic masses of various sizes. Although 
multilocularity at US or MR imaging favors the di- 
agnosis of primary rather than secondary neo- 
plasm, accurate distinction between primary and 
secondary ovarian tumor is difficult [59]. 


Other (nongynecologic) pelvic masses 


Not all pelvic masses are gynecologic in origin: 
others include postoperative masses such as ab- 
scesses, hematomas, lymphoceles, urinomas, sero- 
mas, and postpartum complications (Fig. 21). 
Bladder flap hematoma is a common complication 
following cesarean section. It may be diagnosed so- 
nographically as a complex or anechoic mass lo- 
cated adjacent to the scar and between the lower 
uterine segment and posterior bladder wall; echoge- 
nicity varies depending on the degree of organiza- 
tion within the hematoma. Presence of air inside 
is highly suggestive of an infected hematoma. Sub- 
fascial hematomas are extraperitoneal in location, 
contained within the prevesical space and caused 
by disruption of the inferior epigastric vessels or 
their branches during cesarean section or traumatic 
vaginal delivery. Sonographically, a complex or cys- 
tic mass is seen anterior to the bladder, although CT 
is the initial imaging modality of choice for 
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Dysgerminoma. Grayscale (A) and color flow Doppler (B) images of the right ovary demonstrate a solid 


mass with increased vascularity. 


postoperative complications such as pelvic abscess 
and hematoma. Uterine perforation may result 
from dilatation and curettage or occur after delivery 
and may appear as an enhancing parametrial fluid 
collection and discontinuity of the uterus 


Adnexal masses in pregnancy 


Occasionally an adnexal mass, such as an ovarian or 
parovarian cyst or a dermoid, may be coexistent in 
a gravid woman. US features of an ovarian cyst or 
a dermoid may occasionally be seen with the 


pregnancy. 


Mimics of an adnexal mass 


Subserosal leiomyomas are the exophytic fibroids 
that protrude from the outer surface of the uterus. 
Leiomyomas create a uterine contour abnormality 
and may mimic an adnexal mass ( ) 

Leiomyomas usually demonstrate a peripheral rim 


Krukenberg tumors. Grayscale US image of 
the pelvis demonstrates bilateral solid ovarian tumors 
in a known case of stomach cancer. (LO, left ovary; 
RO, right ovary.) 


of vascularity in the pseudocapsule (covering 
almost three fourths of the circumference); this 
feature aids in the identification of isoechoic 
intramural myomas and the diagnosis of subserosal 
myomas. 

The presence of multiple vessels between the 
uterus and the presumed adnexal mass is called 
the vascular bridging sign (VBS). Demonstration 
of a VBS or a vascular pedicle between the uterus 
and the periuterine mass helps one to differentiate 
a subserosal leiomyoma from a true adnexal mass 

||. The VBS is secondary to recruitment of multi- 
ple vessels feeding the exophytic uterine fibroid and 
confirms the origin of the vascular blood supply in 
uterine fibroids from the uterine arteries, implying 
that the tissue is uterine, not ovarian. Color flow 
Doppler may also demonstrate a solitary vessel 
originating from the uterine artery that supplies 
the subserosal leiomyoma, called the vascular ped- 
icle sign. Demonstration of a common source of 
blood for the mass and the uterus implies the 
mass originates in the uterus 


Role of three-dimensional ultrasound 


Three-dimensional ultrasound (3D US) and real- 
time 3D US are increasingly used to understand 
spatial relations and vascular morphology. The qual- 
itative and quantitative assessment of sonographic 
volume data is now possible with the use of several 
analysis tools, such as multiplanar imaging, surface 
and volume rendering, and semiautomated volume 
calculation using a technique known as virtual 
organ computer-aided analysis . Virtual organ 
aided analysis overcomes some limitations of con- 
ventional two-dimensional sonography, allowing 
a more detailed assessment of morphologic features 
of the object studied, with no restriction on the 
number and orientation of the scanning planes 
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l 21. Nongynecologic pelvic masses. (A) Lymphocele. Grayscale image of the pelvis demonstrates a complex 
septated fluid collection. (B) Postpartum collection. Grayscale image of the pelvis demonstrates a complex col- 
lection (coll) in the cul-de-sac, consistent with hemorrhage. (LO, left ovary; RO, right ovary; UT, uterus.) 


3D US is particularly superior for (1) evaluating 
for papillary projections, (2) showing characteris- 
tics of cystic walls, (3) identifying the extent of cap- 
sular infiltration of tumors, and (4) calculating 
ovarian volume (Fig. 23A). 3D US may also be 
used to assess the location of masses in relation to 
normal ovarian tissue |62]. It assists in identifica- 
tion of tumor vascularity and tumor angiogenesis, 
thereby distinguishing between normal and tumor 
vessels in benign and malignant tumors. Precise 
evaluation of tumor morphology and vascular pat- 
terns is obtained without a significant increase in 
scan times. The 3D approach allows visualization 
of multiple overlapping tumor vessels, the vascular 
network, and the relationship of the mass to the 
vessels (Fig. 23B) [6 


22. Subserosal fibroid. Transvaginal grayscale US 
image of the pelvis demonstrates a large solid ad- 
nexal lesion (Fib) arising from the uterus (arrow). 
(UT, uterus.) 


Role of color flow Doppler 


Doppler examination should be performed when 
any abnormality of the ovary is detected. In cysts, 
color Doppler is helpful in differentiating an 
echo-free potential cyst from adjacent vascular 
structures. Using “color as morphology” and under- 
standing its meaning can support a diagnosis or 
rule out the structure as benign (eg, the lack of color 
signals in benign cystic teratomas, simple cysts, or 
endometriomas) or as physiologic (eg, the charac- 
teristic “ring of fire” of a CL) (see Fig. 2B). 

Color may also be used to localize flow for pulsed 
Doppler, which should be obtained on all ovarian 
masses. Pulsed Doppler of the adnexal branch of 
the uterine artery, the ovarian artery, or intratumor- 
al flow is performed to determine the RI or pulsatil- 
ity index (PI). Patients who have normal menstrual 
cycles are best scanned in the first 10 days of the cy- 
cle to avoid confusion with normal changes in in- 
traovarian blood flow, because high diastolic flow 
occurs in luteal phase around the CL. 

A debate exists in the literature regarding the 
value of the RI in distinguishing between benign 
and malignant adnexal masses. The largest study 
in the literature uses a cut-off point of greater 
than 0.4 as a normal RI in a nonfunctioning ovary; 
others describe a PI of greater than 1 as normal. In- 
tratumoral vessels, low-resistance flow, and absence 
of a normal diastolic notch in the Doppler wave- 
form are all worrisome signs for malignancy; how- 
ever, abnormal waveforms can be seen in 
inflammatory masses, in metabolically active 
masses (including ectopic pregnancy), and in cor- 
pus luteum. The most significant problem with 
the use of RI is that it is not a sensitive indicator 
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Fig. 23. 3D US. (A) Multiple 3D US images of the left ovary being used to calculate the ovarian volume. (B) 3D US 
also helps better to demonstrate the tumor vascularity (arrows). 


of malignancy: a low RI is seen in only 25% of ma- 
lignant lesions. 

When a large number of erratic vessels with 
changing calibers, unusual anastomoses, and vascu- 
lar lakes are seen entering an adnexal structure with 
centrally located flow within the mass, regardless of 
the RI, these findings may be considered highly 


suggestive of malignancy. The same may be said 
of the detection of blood vessels in papillae. If the 
papillary protrusions show blood flow, are 3 mm 
or larger, and are observed to be numerous, these 
findings should also raise the possibility of malig- 
nancy. On color Doppler, tumors tend to have ves- 
sels with low impedance, because of the lack of 
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muscular media in the vessel wall and arteriove- 
nous shunts, and the vessels tend to be clustered 
[41,65-68]. 


Power Doppler imaging 


Though spectral Doppler sonography and color 
Doppler US have been used successfully in the eval- 
uation of adnexal tumor vascularity, they have in- 
herent limitations, such as lack of sensitivity to 
slow flow, angle dependency, and aliasing. Further 
contributors to the confusion are a nonuniversal se- 
lection of Doppler parameters (RI or PI), the choice 
of highest, lowest, or mean impedance values, and 
the selection of vessels for investigations, together 
with operator variance and system sensitivity. 

Power Doppler improves visualization of intratu- 
moral vascularity, which may aid in detection of 
malignant adnexal tumors. Tumor vasculature con- 
sists of vessels recruited from the pre-existing net- 
work of host vasculature and vessels grown from 
the host vessels under the influence of the angio- 
genic factors. The organization of this tumor vascu- 
lature is completely different from that of the host 
vasculature, depending on the tumor’s type, growth 
rate, and location. The architecture differs among 
various tumor types and also between the primary 
tumor and its transplants. It is possible with 
three-dimensional power Doppler to visualize ves- 
sel continuity more completely (in three orthogo- 
nal projections) and to demonstrate vessel 
branching more clearly (three-dimensional vascu- 
lar reconstruction) (Fig. 24). 

Physiologic angiogenesis is seen in folliculogene- 
sis, embryogenesis, and implantation and in some 
benign neoplasms. The mesovarium vessels enter- 
ing the hilum can be depicted as extending gradu- 
ally to the stroma with increasing numbers and 
branches of fine vessels during the preovulatory 
phase. After ovulation, luteal cyst formation may 


Fig. 24. Three-dimensional power Doppler. Three- 
dimensional reconstruction of power Doppler image 
of the ovarian mass demonstrates better vascular con- 
tinuity and branching. 


be seen. The luteal vessels are usually fewer and sel- 
dom have complicated branching patterns or encir- 
cle the cyst, in contrast to the findings in malignant 
neoplasms. In endometriotic cysts, the vessels are 
usually straight and regularly branching; they gen- 
erally emerge from a hilar vessel and run along 
the surface of a tumor. 

Tumor vasculature consists of vessels recruited 
from a pre-existing network of vasculature and ves- 
sels produced by neoangiogenesis under the influ- 
ence of angiogenic factors produced by tumor 
cells. Within a tumor, variable territories exhibiting 
one or the other type of vascular pattern may be vi- 
sualized on color Doppler studies. Tumor vascular- 
ity can be differentiated from a normal vascular 
network by certain characteristics. These include 
a single elongated and coiled branch, variable in 
caliber, a nonhierarchical vascular network, absence 
of normal precapillary architecture with dichoto- 
mous branching, absence of decrease in diameter 
of the higher-order branches, and an incomplete 
vascular wall with multiple breaks in the endothe- 
lial lining and basement membrane. Tumor vessels 
may also appear tortuous or saccular and may con- 
tain tumor cells within these walls. Tumor blood 
flow is commonly associated with anomalous 
veno-veno communications and arteriovenous 
shunts [49,69]. 


Quantitated color Doppler sonography 
Progressive improvement and development of the 
technology has led to three-dimensional quantifica- 
tion of blood flow using three-dimensional color 
histograms that measure the color percentage and 
flow amplitudes in the region of interest |70]. 
Quantitative sonographic criteria for tumor vascu- 
larity analyzed include the vascularity index (VI) 
(which quantifies the difference between the total 
number of pixels and the number of pixels contain- 
ing no color divided by the total x 100) and the 
power-weighted pixel density (PWPD), which 
weights the strength of the signal divided by the to- 
tal. With a VI of greater than 2.3, a sensitivity of 
75% and specificity of 90% were obtained for ma- 
lignancies. When this was combined with 
a PWPD of greater than 4555, sensitivity improved 
to 88% and specificity improved to 93%—as com- 
pared with morphologic analysis, which had a sen- 
sitivity of 72% and specificity of 76% for 
malignancies |71]. Additional indices such as flow 
index (FI) and vascularization flow index are being 
studied to provide the insight needed to differenti- 
ate benign from malignant adnexal masses. VI and 
FI are suspected to be reliable predictors for tumoral 
neoangiogenesis. This method has been found 
helpful in distinguishing benign from malignant 
ovarian masses |70]. 


The majority of adnexal masses in women in 
the reproductive years are follicle cysts of the 
ovary. 

The most common benign neoplastic tumors 
of the ovary are serous cystadenoma and be- 
nign cysts. 

The most common benign cystic neoplasms 
of the ovary in the 20- to 44-year-old group 
are benign cystic teratoma, serous cystade- 
noma, and mucinous cystadenoma. 

Most benign cystic teratomas are 10 cm or 
less in diameter, but about one sixth are 
larger. 

Serous cystadenocarcinoma is the most com- 
mon malignant tumor in all age groups, 
from 20 to 75 years old. 

Dysgerminoma and teratoma are the most 
common solid adnexal tumors in young 
women. 

Of women in the reproductive years, 30% 
develop myoma of the uterus. By age 50, 
40% will have developed myomas. 

A total of 95% of all endometriosis occurs in 
women in the reproductive years. 

Of 150 adnexal tumors in women older than 
50, 103 were benign. Of the malignant tu- 
mors in this age group, most were epithelial 
tumors. Tumors less than 5 cm were usually 
benign, but 40 of 63 tumors larger than 10 cm 
were malignant. 


Data from Stenchever MA, Droegemueller W, Herbst 
AL, et al. Comprehensive gynecology. 4th edition. 
Saint Louis: Mosby; 2001. 


Contrast-enhanced, three-dimensional power 
Doppler 
Use of US contrast agents may aid in distinguishing 
benign from malignant ovarian masses. Intravascu- 
lar sonographic contrast agents enhance depiction 
of tumor vessels by providing a stronger Doppler 
signal [72]. Contrast agents may improve the diag- 
nostic ability of sonography to identify early micro- 
vascular changes that are known to be associated 
with early-stage ovarian cancer, but only a few small 
published studies have used contrast agents for gy- 
necologic purposes. Use of a contrast agent makes it 
possible to gain a more accurate map of the vascular 
anatomy by enhancing the signal strength from 
power Doppler sonography, increasing the number 
of large vessels and allowing recruitment of small 
vessels [73-75]. Tumors have a longer wash-out 
time, perhaps a reflection of the presence of tumor 
angiogenesis. 

The vascular distribution in adnexal masses may 
be classified into three patterns using three-dimen- 
sional power Doppler US: pattern 0, no signal 


Sonography of Adnexal Masses 


pattern (no detectable vessels); pattern 1, peripheral 
pattern (blood vessels are peripheral and surround 
the lesion); pattern 2, penetrating pattern (blood 
vessels arise outside the lesion and course toward 
its center); and pattern 3, mixed penetrating and pe- 
ripheral pattern. The pattern of irregularly branching 
penetrating vessels in an adnexal mass, with or with- 
out contrast enhancement, is an important factor in 
predicting the likelihood of malignancy. The use of 
a US contrast agent with three-dimensional power 
Doppler sonography increases the diagnostic effi- 
ciency of nonenhanced three-dimensional power 
Doppler sonography from 86.7% to 95.6% [69]. 


Summary 


Transabdominal sonography combined with high- 
frequency endovaginal US is considered the com- 
munity standard for the performance of pelvic US 
for evaluation of an adnexal mass [36,46,76]. Sub- 
jective evaluation of ovarian masses based on pat- 
tern recognition can achieve a sensitivity of 88% 
to 100% and specificity of 62% to 96%. Addition 
of color and power Doppler to grayscale imagingfor 
pelvic mass evaluation increases the specificity in 
the range of 82% to 97% and increases the positive 
predictive value to 63% to 91% |4], aiding in subse- 
quent evaluation and management |5]. Pelvic so- 
nography can confidently diagnose most of the 
benign adnexal masses and helps with triage of pa- 
tients for surgical management in collaboration 
with tumor markers. The key points of adnexal 
masses are presented in Box 1 |77]. 
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Adnexal torsion is the fifth most common gyne- 
cologic emergency, with a reported incidence of 
3% in some series, primarily affecting women of re- 
productive age or younger |1,2|. This process in- 
volves twisting of the ovary, the fallopian tube, or 
both structures, causing vascular compromise with 
resulting ovarian edema and eventual necrosis. Tor- 
sion may be partial or complete, and acute or 
chronic. Not infrequently, torsion is intermittent 
with periods of spontaneous remission of symp- 
toms. Although the most consistent presenting 
symptom is abdominal and pelvic pain, the diagno- 
sis of torsion is complicated by its vague clinical 
presentation. Early diagnosis and intervention be- 
fore infarction may not only permit ovarian preser- 
vation but also prevent the life-threatening 
complications of peritonitis. 

Sonography has been the modality of choice for 
imaging evaluation of lower abdominal and pelvic 
pain, because it is noninvasive, radiation free, cost- 
effective, and widely available, as well as having the 
ability accurately to delineate uterine and ovarian 
architecture and assess vascular flow. However, 
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there may be patients in whom the sonographic 
findings are subtle or not straightforward. This arti- 
cle endeavors to provide an imaging approach to 
the diagnosis of ovarian torsion that will avoid 
the pitfalls often encountered and improve the 
identification of this often elusive condition. 


Background 


To understand the variable sonographic findings in 
ovarian torsion, one should be aware of the blood 
supply to the ovary and tube (Fig. 1). The ovary is 
chiefly supplied by the ovarian artery, a branch of 
the hypogastric (internal iliac) artery, but it usually 
receives additional arterial flow from the ovarian 
branches of the uterine artery. The veins tend to par- 
allel the arteries. From the ovarian pampiniform 
plexus, the right ovarian vein drains directly into 
the inferior vena cava, whereas the left ovarian 
vein empties into the left renal vein. 

The ovaries are suspended in the pelvis by several 
ligaments, which also contain vascular, lymphatic, 
and nervous supplies to the organs. These include 
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and ligaments. Ovarian artery and vein (a), branching 
arterioles supplying the ovary (6), uterine artery and 
vein (c), utero-ovarian ligament (d), and infundibulo- 
pelvic ligament (e). 


the broad ligament, the ovarian ligament, and the 
infundibulo-pelvic ligament. The right and left 
broad ligaments are folds of peritoneum that ex- 
tend from the lateral aspects of the uterus to the lat- 
eral pelvic side walls. The free border of the broad 
ligament contains the fallopian tube within its su- 
perior margin, which is referred to as the mesosal- 
pinx [3]. The ovary is attached to the posterior 
layer of broad ligament by reflections of peritoneum 
called the mesovarium. The ovarian ligaments in- 
clude the suspensory ligament (infundibulo-pelvic 
ligament), through which course the ovarian vessels 
and nerves, and the utero-ovarian ligament. En- 
compassing the superior and lateral margins of 
the broad ligament is the suspensory ligament. Aris- 
ing from the uterine cornu posterior to the tubes 
and attaching to the inferior aspect of the ovary is 
the utero-ovarian ligament |4|. Coursing superior 
and adjacent to the utero-ovarian ligament is the 
ovarian branch of the uterine artery. Derived from 
the main ovarian artery and the ovarian branch of 
the uterine artery are numerous arterioles that ex- 
tend to the capsule of the ovary and small penetrat- 
ing arteries within the ovary itself. The ovarian 
blood supply may vary from five to six branches 
that penetrate the capsule to two large branches 
with multiple twigs. Torsion is caused by the rota- 
tion of the ovary or adnexa on its axis, with result- 
ing arterial, venous, or lymphatic obstruction 
(Fig. 2). 

Most cases of ovarian torsion (50% to 80%) are as- 
sociated with adnexal pathologic conditions such as 
ovarian tumors or cysts. An ipsilateral ovarian mass 
may act as a fulcrum to potentiate torsion due to in- 
creased ovarian volume or weight within adnexal 
structures. Although torsion is associated with a neo- 
plasm in as many as 50% of cases, previous studies 


Fig. 2. Artist's rendering of a twisted ovarian pedicle 
containing broad ligament and fallopian tube with 
associated engorgement of the ovary. 


have indicated that the lesions are usually benign, 
because the inflammatory and invasive changes 
caused by malignant lesions may be protective 
against ovarian mobility [1,5-7]. Torsion is also 
a common complication of non-neoplastic ovarian 
cysts. It is associated with 1 in 1800 pregnancies, 
most commonly in the first trimester or immediately 
post partum [8]. Women undergoing ovulation in- 
duction appear to be at high risk secondary to the de- 
velopment of large theca lutein cysts, which can 
cause twisting of the ovary on its pedicle [9]. 

In contrast to that of adults, the affected ovary in 
the pediatric population is normal in as many as 
25% of cases |10]. Possible mechanisms that have 
been proposed to explain torsion of a normal ovary 
include tortuosity and elongation of the fallopian 
tube or mesosalpingeal vessels, congenitally long 
supportive ligaments, and tubal spasm. An active 
lifestyle or sudden changes in movement such as 
those involved in vomiting or coughing, more com- 
mon in the younger population, have also been 
suggested as possible causes | | |. 


Pathophysiology 

Initially the venous and lymphatic systems are com- 
promised, producing edema and adnexal enlarge- 
ment. However, until venous and arterial 
thrombosis has occurred, reperfusion may permit 
complete recovery. Because the ovary has a dual ar- 
terial blood supply, torsion in one arterial system 
may be compensated by increased vascular flow in 
the other. Thrombus within the ovarian vein may 
contribute to venous engorgement of the ovary. 
Thrombi may also be demonstrated within the 
smaller intraovarian veins. Chronic torsion may 
be associated with the establishment of collateral 
arterial and venous flow, and repeated episodes 
may even be associated with a reactive hyperemia. 
Complete and unalleviated torsion can progress 


rapidly from interference with venous and lym- 
phatic drainage to occlusion of the arterial circula- 
tion. The organ may quickly become black in 
color because of hemorrhage, necrosis, and gangre- 
nous changes (Fig. 3). When necrosis occurs in 
the adnexa of the very young patient, the twisted 
adnexal components may be resorbed, resulting 
in unilateral adnexal absence, or they may become 
calcified | 11,12]. 


Clinical presentation 


Although it is a relatively infrequent gynecologic 
emergency, ovarian torsion may pose a diagnostic 
dilemma. Predisposing factors that should increase 
the suspicion of torsion include unilateral ovarian 
tumors (usually benign), ovarian hormone induc- 
tion leading to ovarian hyperstimulation syn- 
drome, pregnancy, and hypermobile adnexa. 
Although the pelvic examination usually demon- 
strates tenderness at least on the affected side, the 
enlarged ovary is frequently difficult to palpate, so 
physical examination findings may not suggest the 
diagnosis. The only consistent symptom cited in 
most studies is abdominal pain, usually localized 
to a lower quadrant [5,9,13]. The pain may be col- 
icky or constant and is usually intense and progres- 
sive, frequently out of proportion to other findings. 

Unfortunately, the differential considerations for 
abdominal pain in female patients include multiple 
gynecologic causative agents, such as pelvic inflam- 
matory disease, ruptured ovarian cysts, and ectopic 
pregnancy, as well as nongynecologic causes such as 
appendicitis, mesenteric adenitis, cholecystitis, and 
urinary calculi. Other nonspecific signs and symp- 
toms that are more variably present include fever, 
nausea, vomiting, and leukocytosis. The literature 
reports leukocytosis in 59% to 82% of patients 
[5,14], fever in 19% to 29% [5,14,15], and nausea 
and vomiting in 50% to 73% [5,14,16]. An 


Fig. 3. Surgical pathology specimen of a hemorrhagic, 
necrotic ovary resulting from ovarian torsion. 
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observed right-sided predominance has been attrib- 
uted to the presence of the sigmoid colon on the left 
or the hypermobility of the cecum on the right 
[5,9,17]. 

The complications of untreated ovarian torsion 
include peritonitis, pulmonary embolism, and 
death [13,18,19|. Early intervention has been 
shown not only to decrease the incidence of these 
complications but also to improve ovarian salvage 
rates and consequently some aspect of reproductive 
capacity. Anders and Powell | 6] report that pediatric 
patients taken to surgery within 8 hours of the onset 
of symptoms had an ovarian salvage rate of 40%, 
whereas patients who went to surgery more than 
24 hours later had a salvage rate of 0%. 

The use of pelvic sonography has enhanced our 
ability accurately to evaluate patients at risk for 
ovarian torsion. Nevertheless, gynecologists often 
delay surgery because of misleading ultrasound 
findings, only to discover nonviable tissue on ex- 
ploration. Consequently, an appropriately high in- 
dex of suspicion should be maintained when 
evaluating patients who present with unilateral pel- 
vic pain, even if the sonographic findings appear to 
be negative. The remainder of this article explores 
both the assistance the modality can provide and 
its pitfalls. 


Sonographic findings 


The initial role of sonography in the evaluation of 
patients at risk for ovarian torsion is to help exclude 
other causes of acute abdominal pain, such as ap- 
pendicitis, pelvic inflammatory disease, ruptured 
ovarian cyst, and ectopic pregnancy [20,21]. Char- 
acteristic findings may be routinely seen by transva- 
ginal and transabdominal sonography, although 
appearances may be nonspecific. For example, the 
most common sonographic grayscale finding of 
ovarian torsion is an enlarged ovary or ovarian/ 
tubal complex (Fig. 4). The presence of an adnexal 
mass or enlarged ovary has been documented in all 
subjects in several studies. Ovarian volumes within 
these studies have ranged from 26 to 4308 cm? [22- 
25]. However, if the twisted ovary is located in the 
right lower quadrant of the abdomen, it may be 
mistaken for an appendiceal abscess | 22]. 

Several distinguishing grayscale appearances of 
ovarian torsion have been described using transab- 
dominal sonography in children and adolescents. A 
large cystic mass with internal debris has been 
shown to be fairly specific for torsion in neonates 
(Fig. 5) [26-29]. In older children and adolescents, 
a unilaterally enlarged ovary containing dilated pe- 
ripheral follicular cysts has been described as char- 
acteristic of torsion in as many as 74% of cases 
(Fig. 6) [22,25,30]. Weed and Collins [31], in an 
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Enlargement of a normal ovary following ovarian torsion. Three-year-old girl with abdominal pain. (A) 
Transabdominal sonogram of the right adnexa demonstrating extensive hemorrhage and engorgement due 
to torsion, without evidence of an adnexal mass. (B) Normal left ovary, which is significantly smaller than the 


torsed right ovary. 


experimental study using an animal model, pro- 
duced passive congestion and cystic dilatation of 
follicles by ligating the ovarian vessels. Follicular 
enlargement was ascribed at least partially to tran- 
sudation of fluid into the follicles due to vascular 
impairment. Reports of cases of massive ovarian 
edema, a condition attributed to partial torsion of 
the ovary, describe similar follicular structures in 
the cortex of an enlarged ovary [32]. It is possible 
to conclude that this combination of findings is 
specific for ovarian torsion in the prepubertal age 
group where follicular enlargement is not expected. 

In the postmenarchal population, ovarian ap- 
pearances are more difficult to interpret. An irregu- 
lar internal texture of the ovary appears to correlate 
with intraovarian hemorrhage (Fig. 7). Peripher- 
ally placed follicles and homogeneous echoes 
seen centrally, consistent with areas of edema 
within enlarged ovaries, have also been reported 


, although these descriptors are nonspecific. 
Entities such as endometriomas, hemorrhagic 
cysts, tubo-ovarian complexes, and hyperstimu- 
lated ovaries undergoing ovulation induction are 
often described. Free fluid within the cul-de-sac is 
another nonspecific finding frequently described 
in association with cases of ovarian torsion [30 
The fluid may be a transudate from the ovarian 
capsule secondary to obstruction of veins and lym- 
phatic vessels . However, a small amount of 
fluid is often physiologic in women of reproduc- 
tive age. 

The advent of color and spectral Doppler analysis 
of ovarian arterial and venous waveforms occa- 
sioned the assumption that this would prove to 
be an accurate tool for the evaluation of ovarian tor- 
sion. In actuality, studies of Doppler flow patterns 
in torsion are variable, with the Doppler findings 
varying with the degree of torsion and its chronicity. 


An ovarian mass acting as a fulcrum to potentiate torsion in a pediatric patient. Five-year-old girl with left 
lower quadrant pain. Transabdominal sonography in transverse (A) and sagittal (B) planes demonstrates an en- 
larged ovary containing a pathology-proven mature teratoma, as well as hemorrhage and infarction. 
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Enlarged ovary containing peripheral follicular cysts in a prepubertal patient. Nine-year-old girl present- 
ing with right lower quadrant pain. Transabdominal sonography demonstrates sagittal (A) and transverse (B) 
images of an edematous ovary with peripheral follicular cysts, which is a characteristic appearance of torsion 


in the prepubertal age group. 


In some cases of torsion, there may be focal areas of 
blood flow, whereas no intraovarian venous or arte- 
rial flow is present in those cases that are more com- 
plete (Fig. 8). Lack of arterial and venous Doppler 
flow should enable confident diagnosis. (However, 
false-positive diagnoses may be obtained when the 
depth of penetration exceeds the capabilities of the 
ultrasound beam, when Doppler or grayscale priority 
settings are improper, or when filter pulse repetition 
frequency settings are too high 5|.) Conversely, 
ovarian color Doppler signal has been reported fre- 
quently in cases of surgically proven torsion 
Multiple studies have supported the use of Dopp- 
ler interrogation of the ovary in the evaluation of 
torsion. Ben-Ami and colleagues reported 
a positive predictive value of 94% for torsion in 
the absence of venous flow and showed that torsion 
is highly unlikely when Doppler interrogation re- 
veals venous flow. Fleischer and colleagues 


and Lee and colleagues | assert that the presence 
of arterial and venous flow in adnexa that are found 
to be torsed on subsequent surgical exploration is 
predictive of the ultimate viability of the organs. 
The study by Lee and colleagues found that gray- 
scale and color Doppler sonography preoperatively 
identified twisting of the vascular pedicle in 28 of 
32 patients who had surgically confirmed torsion 
(Fig. 9). The same study described 57% of cases as 
having both arterial and venous flow within the vas- 
cular pedicle. But the authors later concluded, using 
pathologic findings or clinical follow-up after a pro- 
cedure to uncoil the twisted vascular pedicle, that 15 
of these 16 ovaries with Doppler flow were viable 
organs. Investigations by Fleischer and colleagues 
l showed no venous Doppler flow centrally in 
all 10 cases of surgically proven nonviable ovaries. 
Additionally, venous Doppler signal was seen cen- 
trally in all three surgically proven viable ovaries. 


. Intraovarian hemorrhage manifested by an irregular internal texture of the ovary. Twenty-two-year-old 
woman with recurring right lower quadrant pain. A hemorrhagic, edematous ovary with an associated hemor- 
rhagic cyst, the presumed fulcrum for torsion, was seen laparoscopically. Detorsion was performed by cyst drain- 
age. Transvaginal sonography in sagittal (A) and transverse (B) planes demonstrates an irregular, heterogeneous 
consistency peripherally, due to parenchymal hemorrhage and edema (long arrow). A more circumscribed ho- 
mogeneous echogenic area seen centrally corresponds to hemorrhage within a cyst (short arrows). 
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. Absence of color Doppler signal secondary to ovarian torsion. Nineteen-year-old woman with surgically 
and pathologically proven torsion. (A) A large paratubal cyst is seen adjacent to the ovary, most likely the ful- 
crum for torsion. (B) Enlarged ovary containing homogeneous echoes centrally. This pattern has been described 
in association with edema. (C) Power Doppler evaluation fails to demonstrate color signal within the ovary. 


However, these findings were not confirmed in an- 
other series by Tepper and colleagues 

Other investigators have found Doppler findings 
to be less reliable. Several case reports and retro- 
spective studies of adnexal torsion diagnosed at 
the time of surgical intervention have described 
an abnormal appearance of the ovary with normal 
arterial and venous Doppler signal ( )) 

9]. In a retrospective series by Albayram 
and Hamper that evaluated 15 pathologically 
proven torsed ovaries, 53% demonstrated some de- 
gree of arterial signal, and 27% showed evidence of 
venous signal within the ovary. Interestingly, in 14 
of the 15 cases, abnormal Doppler flow was de- 
scribed when compared with Doppler flow within 
the normal contralateral ovary. 

Similar results were found in an unpublished ret- 
rospective series of 39 patients who had pathologi- 
cally proven ovarian torsion, performed at Vanderbilt 
University Medical Center [40]. Twenty-one pa- 
tients (54%) had documented arterial Doppler sig- 
nal within the torsed ovary, and 13 (33%) had 
documented venous flow. At the time of surgical ex- 
ploration, none of these ovaries appeared grossly 


viable, so the patients underwent salpingo-oophoec- 
tomy or oophorectomy. However, only 23 of these 
39 specimens (59%) were given pathologic descrip- 
tors such as “infarcted,” “gangrenous,” or “necrotic,” 
implying irreversible damage. The studies by 
Fleischer and Lee [36] have also described nor- 
mal arterial and venous Doppler signal in associa- 
tion with ovaries that appeared visibly infarcted 
and torsed on surgical exploration. 

Based on these assumptions, ovaries that appear 
irreversibly damaged on gross assessment during 
surgical exploration but have demonstrated arterial 
and venous signal, centrally or within the vascular 
pedicle, should be considered potentially viable 
ovaries. Conversely, these studies support the pres- 
ence of a nonviable ovary when there is no evidence 
of arterial or venous Doppler signal. Several studies 
do recommend an attempt at conservative treat- 
ment regardless of the appearance of the ovary 

. However, the authors have found no re- 
search into methods of determining which of these 
necrotic-appearing ovaries are irreversibly ischemic 
and which may eventually become viable following 
detorsion or partial oophorectomy. 
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Fig. 9. The twisted vascular pedicle. (A) Color Doppler evaluation of the left adnexa representing a twisted vas- 
cular pedicle. (B) Surgical pathology specimen following oophorectomy, demonstrating the torsed pedicle seen 


sonographically. 


The variety and discrepancy of Doppler findings 
associated with ovarian torsion in the literature 
may be linked to the completeness of obstruction 
of the vascular supply [42]. Venous thrombosis 
may cause symptoms before the development of ar- 
terial occlusion, explaining the more frequently 
demonstrated absence of venous Doppler signal 
(Fig. 11). Persistent Doppler arterial or venous 
flow or both may also be related to the dual blood 
supply to the ovary. To date, the authors have found 
no large-scale studies in the English literature eval- 
uating the predictive value of Doppler flow in cases 
of ovarian torsion. 


CT and MR imaging features 


Although sonography is usually the initial examina- 
tion of choice in the evaluation of pelvic pain, CT is 
being used more frequently in patients who have 
suspected appendicitis. Only a few reports in the lit- 
erature concern CT findings of ovarian torsion 
[24,43-45]. Meyer and colleagues [24] referred to 
the appearance of a tortuous, low-density, retroves- 
ical mass with an adjacent cystic ovary, which sub- 
sequently proved to represent hematosalpinx, 
a twisted fallopian tube, and incomplete ovarian 
torsion. In a case report, Gittleman and colleagues 
[45] described diagnostic findings identified on 
a contrast-enhanced CT: these included an enlarged 
ovary with small peripheral cystic structures and an 
associated large cyst that was believed to be the ful- 
crum for torsion. Furthermore, in a retrospective se- 
ries by Rha and colleagues [43] of 25 patients who 
had the diagnosis of ovarian torsion, imaged using 
CT and MR imaging, the overall configuration of 
the twisted adnexa was described in more detail. 
The most common CT and MR imaging features in- 
cluded thickening of the fallopian tube that may 


present with a target-like appearance around an ad- 
nexal mass, smooth-walled thickening of a cystic 
adnexal mass exceeding 10 mm, and uterine devia- 
tion to the twisted side (Fig. 12). Findings that were 
less common, but were believed to be particular to 
hemorrhagic infarction, included hemorrhage 
within the thickened fallopian tube, hemorrhage 
within the twisted ovarian mass, andhemoperito- 
neum. A lack of contrast enhancement within the 
solid component or thickened walls of the twisted 
ovarian mass was also a finding suggestive of infarc- 
tion. However, these findings have yet to be shown 
to be specific to ovarian torsion. CT may prove use- 
ful in the acute setting of right lower quadrant pain 
by facilitating the diagnosis of appendicitis as well 
as of ovarian torsion. 

Whether MR imaging has a role in the diagnosis 
of ovarian torsion has not been established. Rha 
and colleagues [43] have shown similar diagnostic 
findings on MR and CT, as already discussed. MR 
findings have also been described by Ghossain 
and colleagues [46] in a review of 10 patients who 
underwent detorsion. These findings included en- 
largement and hyperintensity of the ovarian 
stroma, as well as tubal thickening. Further investi- 
gation of the use of this modality in the evaluation 
of pelvic pain, and more specifically ovarian tor- 
sion, is necessary before one can advocate its rou- 
tine use, in view of its cost and limited availability. 


Management 


For many years, the standard treatment of torsion 
has involved oophorectomy rather than untwisting 
the torsed tubo-ovarian complex. However, over the 
past decade, clinical reports have supported a more 
conservative approach. The rationale for oophorec- 
tomy rested on uncertainties regarding the 


161 


162 


Andreotti et al 


Intraovarian arterial and venous Doppler signal seen in a pathology-proven infarcted, hemorrhagic 
ovary. Thirty-one-year-old postpartum woman with worsening abdominal pain. (A) Transvaginal sonogram of 
the right ovary in the sagittal plane demonstrates enlargement with a heterogeneous, hypoechoic parenchyma 
centrally. A focus of calcification is seen peripherally, despite the lack of evidence of tumor in the pathology 
specimen. (B) Power Doppler evaluation demonstrates an abundance of color Doppler signal within the ovary. 
Duplex Doppler evaluation showing arterial (C) and venous (D) signal. (E) Photomicrograph of the surgical pa- 
thology specimen. Apparent at low power is global ischemic necrosis of ovarian parenchyma, with no residual 
identifiable stroma or germ cells. Multifocal hemorrhage and profound edema involve the full extent of the 


ovary. (Hematoxylin-eosin, original magnification x25.) 


possibility of thromboembolism following detor- 
sion or malignancy. Malignancies have been found 
to be seldom associated with ovarian torsion, and 
no cases of thromboembolus following detorsion 
have been reported in multiple series . An 
initial necrotic, blue-black adnexal appearance in- 
traoperatively may present a deceptive impression 
of irreversible damage, justifying the performance 
of an oophorectomy, but the patient may subsequently 
demonstrate viable ovarian tissue f 
Detorsion, often with cystectomy or cyst aspiration, 
has been advocated as safe and beneficial, without 
significant postoperative complications . In- 
vestigators have reported sonographic findings of 
Doppler arterial and venous flow and follicular de- 
velopment following conservative management 

. In addition, a pelvic sonogram 6 weeks 


following initial surgery has been found helpful 
to exclude persistent cyst or tumor 


Recommendations 


The authors now proceed to address what may be 
gleaned from reviewing the recent literature re- 
garding the sonographic evaluation of the pres- 
ence or absence of ovarian torsion. First, 
whether the patient is pre- or postpubertal is of 
utmost importance. A large cystic mass with de- 
bris has been shown to be fairly specific for tor- 
sion in neonates . In older children and 
adolescents, a unilaterally enlarged ovary contain- 
ing dilated peripheral follicular cysts is often de- 
scribed as characteristic of torsion ' 
These findings in the prepubertal age group, in 
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Intraovarian arterial Doppler signal without evidence of venous signal. Thirty-one-year-old woman with 
surgically and pathologically proven hemorrhagic infarction of the left ovary containing a peripheral hemor- 
rhagic cyst as well as a simple cyst. (A) Transvaginal sonogram of the left ovary in the sagittal plane, showing 
enlargement by a hemorrhagic as well as a simple functional cyst. (B) Color Doppler signal is seen centrally 
within the ovarian parenchyma. (C) Duplex Doppler evaluation of central vascularity reveals only arterial signal. 


which follicular enlargement is not expected, may abnormal-appearing ovary appears to be a common 


be specific for ovarian torsion. denominator in most, if not all, cases of ovarian tor- 
Sonographic findings are much less specific in sion. Evidence strongly points to the diagnosis in 
the postmenarchal age group. The enlarged, the presence of an enlarged ovary with absence of 
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CT of the pelvis in a patient who has pathology-proven ovarian torsion. Sonographic findings are shown 
in . (A, B) Thickening of the fallopian tube, with a target-like appearance around an adnexal mass (arrows), 
which proved to represent torsion of the pedicle x4. (B) Demonstration of deviation of the uterus (ut) toward 
the twisted adnexa. 
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associated arterial and venous Doppler signal [34- 
36]. However, multiple case reports and series in 
the literature suggest the presence of both arterial 
and venous Doppler signal within the ovary or as- 
sociated vascular pedicle in cases of ovarian torsion. 
Furthermore, these patients in whom vascularity is 
still present may be the very ones who would ben- 
efit from conservative surgery. Hence surgical explo- 
ration should not be delayed when clinical 
suspicion remains high in the setting of an enlarged 
ovary with Doppler flow. 

Perhaps investigators should now turn their at- 
tention to research that would develop methods 
of determining the viability of the ovary. The dem- 
onstration of the twisted ovarian pedicle may be 
a promising avenue to explore, because its appear- 
ance has been shown to be characteristic of ovarian 
torsion in both the sonographic and CT literature, 
and the presence or absence of vascular flow within 
the pedicle may correlate with ovarian viability. 
Comparing the vascularity of the abnormal-appear- 
ing ovary with that of the normal contralateral side 
may prove helpful. Additionally, further investiga- 
tion of the use of contrast-enhanced sonography 
may provide more accurate assessment of ovarian 
vascular flow and viability. 


Summary 


Although progress has been made with the advent 
of imaging modalities, the diagnosis of ovarian tor- 
sion remains a clinical and imaging enigma. Ab- 
dominal pain is the most reliable symptom of 
torsion but is nonspecific. Other frequent symp- 
toms, such as fever, leukocytosis, and nausea and 
vomiting, are more variable in their presentation. 

The use of pelvic sonography has enhanced our 
ability accurately to evaluate patients at risk for 
ovarian torsion. Sonography has been found to be 
useful in excluding other causes of acute abdominal 
pain. The most common grayscale characteristic of 
torsion is the enlarged ovary or ovarian complex; 
this is routinely seen by transvaginal and transab- 
dominal sonography, although appearances may 
be nonspecific. The findings of torsion have also 
been described on CT and MR studies, but the spec- 
ificity of these findings has not been confirmed by 
large clinical series. The addition of duplex and 
color Doppler imaging is most helpful in making 
the diagnosis when Doppler signal is absent. How- 
ever, the presence of Doppler signal cannot elimi- 
nate the diagnosis. 

Even so, surgery is often delayed based on mis- 
leading ultrasound findings. Consequently, one 
should maintain an appropriately high index of 
suspicion of ovarian torsion when evaluating pa- 
tients who present with unilateral abdominal or 


pelvic pain that cannot be attributed to other 
causes, even when the sonographic findings are 
not strongly suggestive. 
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